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PREFACE 



In preparing this work the author has endeavoured to deal 
with the subject in a simple manner, at the same time cover- 
ing as wide a field as possible. 

It is hoped that the fully qualified draughtsman will not 
look askance at it because the beginner, apprentice, as weU 
as the man in the shop has been specially considered. To 
the latter a knowledge of just what happens behind the 
drawing-office doors, as herein given, should be of considerable 
use. The ambitious one, also, who seeks to forsake the 
spanner for the pencil, it is hoped, will not peruse it in vain. 

The author desires to remind the reader that among tool 
and jig designers there exists such a diversity of opinion 
on some points that any method or design discussed in this 
work is not necessarily the only way out. 

As it is possible this work may pass into the hands of one 
who is not already conversant with the ordinary rules of 
machine drawing, no apology is offered for including this 
in Chapter I. 

In these days of high production the design of the necessary 
equipment is of vast importance, and it is doubtful whether 
any other occupation affords such splendid opportunities 
for the exercise of ingenuity, so that the inventive one is 
advised to push forward, and may great success attend his 
efforts. 



The Writer desires to express his thanks to Messrs. Cubit t 
Engineering Co., Aylesbury, for permission to take the photo- 
graphs for Figs. 20, 23, 122 and 33 ; to the National Auto- 
matic Tool Co., Indiana, U.S.A., for the illustrations for 
Figs. 25 and 156 ; to Mr. George Hay, A.M.I.Mech.E., 
M.I.A.E., Managing Director of '* Jigs " Ltd., for the photo- 
graph of Fig. 47 ; to Messrs. Brown & Sharp, Providence, 
R.I., U.S.A., for Table No. 13 ; to Messrs. Newall Engineering 
Co., for Table No. 9 ; and lastly, to Messrs. E. W. BUss Co., 
Brooklyn, U.S.A., for Table No. 12. 
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JIGS, TOOLS AND FIXTURES 

THEIR DRAWING & DESIGN 

CHAPTER I 

MECHANICAL DRAWING 

Drawing Equipment — Representation of Materials — Lines — Dimension- 
ing — Lettering — Bolts, Nuts and Screw Threads — Abbreviations — 
Selecting Views — Centre Lines — A Working Drawing. 

It is not intended in the short space of one chapter to 
attempt to deal in detail with the subject of mechanical 
drawing, but enough is given to assist the casual reader 
to a better understanding of drawings in general, and in 
particular those that follow. 

Drawing Equipment. — ^^Like the tools used in most trades 
and professions, those of the draughtsman have been 
improved, and so facilitate the production of drawings, and 
this with greater convenience. 

The drawing-board and table has been replaced by the 
more elaborate stand and board fitted with sliding rule, 
and in some offices the drafting machine has been intro- 
duced. The ordinary equipment, however, remains much 
as before, but a word here on this may help. 

With regard to the proper grade of pencil, different people 
will often get varying results with the same pencil ; but for 
general work a good-class HB is very useful, though a H 
is often preferred, especially for centre lines, etc. For large 
work, especially lettering, a B will give excellent results. 

The correct sharpening of a pencil is a great help to neat 
and accurate drawings, and the usual shape is that shown 
at A, Fig. 1, the flat 6ide of the lead being used against the 
rule edge, by which means a line of unvarying thickness is 
obtained. 

To assist in maintaining the point a 4* or B"' flat smooth 
file 19 a very useful addition to one's kit, though there are 

2 



2 JIGS, TOOLS AND FIXTURES 

now on the market some small pads, about 4' X 1*, consisting 
of layers of fine glass-paper, which are stripped oflE as they 
become worn. 

There is a wide choice of scales, but in the writer's opinion 
nothing can surpass the pattern as shown in section at b. 
Fig. I, the round rib at the top forming a very quick and 
convenient means of handling. 

For tool and jig work, graduations in one-tenth of an inch, 
as well as the usual divisions, will be found most suitable. 
For the purpose of taking measurements of existing machinery 



f (^ ® 
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Fic.i. 

A. — MOST SATISFACTORY FORM OF SHARPENED PEN'CIL. 
B. — MOST CONVENIENT SECTION OF SCALE. 

a 12^ or 6* flexible rule, together with slide-gauge or calipers, 
will prove of much value. 

With regard to drawing papers, it will be found that practice 
varies in different offices, but there are three that can be 
mentioned as being of general use : they are Cartridge Paper, 
Detail Paper and Tracing Paper. 

The former is generally used where the drawing will be 
subjected to a lot of handling, or where a lot of erasing and 
redrawing may be necessary. 

Detail paper is a finer and cheaper paper much used for 
small drawings, also for roughing out ideas generally, though 
good-class detail paper is often used for all drawings. 

Tracing paper is employed occasionally where blue prints 
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are wanted quickly Irom an experimental drawing, and if 
the lines are put in with a good pencil the prints are quite 
good. 

It may appear superfluous to mention drawing pins, but 
there are on the market a type where the pin is just lightly 
forced into the head, which is very dangerous when pressure 
is put on the head. 

Representation of Materials. — Though in tool drawing 
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Fig. a. 



A. METHOD OF INDICATING MATERIAL. 

B. — LINES EMPLOYED IN MECHANICAL DRAWING. 



it is not usual to rely too much on the indication of material 
by the style of line, there being such a great variety of steels, 
etc., used, it is necessary to be acquainted with their meanings. 

Colours are even less employed, but for reference purposes 
they are given here. 

Sections of various metals, insulating compositions, etc., 
are indicated by different methods of lining, as shown at 
A; Fig. 2. Others are added by firms according t6 the 
nxaterials called for.- 
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In making use of the colours some little skill or practice 
is necessary before neat results can be obtained. For large 
surfaces the colour is best washed on, that is, the surface 
of the paper is first damped with a brush containing clear 
water, and before it is dry the colour, a small amount at a 
time, is added at the top of the space and carefully brushed 
downwards, any surplus being removed by means of blotting- 
paper. 

The colours in general use are as follows : 

Prussian blue for Wrought iron. 

Payenes grey ,, Cast iron. 

Purple ,, Steel. 

Crimson lake ,, Copper. 

Chrome yellow ,, Brass or gunmetal. 

Lines. — As the reader may be aware, the style of line 
used throughout the drawing is also of importance. At b. 
Fig. 2, will be seen sample lines, that as shown at No. 1 being 
used for the roughing-in of a drawing,, construction lines, etc. 
No. 2 would be about correct for the finished outline ; while 
No. 3, consisting of alternate dots and dashes, is employed 
for centre lines, though very often No. 1 is used for this. 
There should be a distinct difference between Nos. 3 and 4, 
the latter being put in for edges not seen in the particular 
view being drawn yet are known to exist. 

For indicating dimensions, a line made up of a series of 
dashes, as at No. 5, is often used, though many draughtsmen 
prefer the continuous line for this purpose. 

Dimensioning. — The correct dimensioning of a drawing 
is of considerable importance, and pays for thought, both 
from the point of view of assisting the workman and the 
neatness of the finished drawing. The necessity for a lengthy 
search for a dimension should be avoided, and this can be 
done by their careful arrangement. 

One dimension should lead up to another, and after a 
number of steps have been dimensioned an overall size 
should be added, as at a. Fig. 3, where the different shoulders 
are indicated, allowing the eye to almost automatically 
follow from one to the other ; and in close proximity is the 
overall size, providing a check on the drawing and also 
a^sistitig the mechanic or store-keeper who may be responsible 
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for getting out the material. la the latter connection it is 
often the duty of a clerl^ or other non-technical person to 
make out a list of material required from drawings and then 
to hand this to whoever has charge of the cutting-oflE machines, 
so that it will be obviously an advantage to avoid the 
necessity for any calculating and very little thinking. 

The dimensions should, as far as possible, be kept off the 




Fig. 5. 



CORRECT DIMENSIONING. 



actual figure, especially where the latter is complicated, 
thereby avoiding confusion. 

In the case of several diameters, as at b. Fig. 3, these are 
sometimes given by dimensioning on the plan view, with 
several lines passing through the centre at different angles ; 
but where there are two or more diameters it is not good 
practice, and the method adopted at b should be followed, 
which leaves no possibility of doubts The absence of figuring 
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as far as possible on the figure also helps the mechanic to 
visualize the object more quickly. 

The extremities of the dimension lines should always 
touch another line, and the arrow must be put in so as to 
make it quite clear which lines are indicated. 

In printing the figures or other remarks on drawings, they 
should always be written in one plane, so that they are 
immediately readable from one position. Some drawings 
have their lettering running in various directions, which is 
unsightly, inconvenient and unnecessary. : 

Lettering, — To print neatly and quickly requires con- 














■VVWWWW>Ar»AiV 

_yWvSAAAAA/VVN/ 



iK 






Z 





© 



Fig + 



A. — METHOD OF REPRESENTING SCREW THREADS. 

B. — METHOD OF DRAWING HEXAGON HEADS AND NUTS. 



siderable practice, and in most cases, until skill is acquired, 
it will be necessary to draw parallel lines between which 
the letters are drawn. A common fault with printing is to 
mix capitals with small letters in the same word or words, 
another is to put in several types of lettering on the same 
sheet. 

The various drawings throughout this work will give the 
reader an idea of lettering and the proportion of the letter, 
or figure to the object itself. 

Bolts, Nuts, Screw Threads. — When representing these 
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it is never necessary to give dimensions unless it is intended 
to depart from the standard (see Chapter XIV), it being quite 
sufficient to indicate the size and form in the case of the 
thread, as shown at a, Fig. 4. Hexagon heads or nuts are 
put in as shown at b. Fig, 4, where, for drawing purposes, 
the proportions are based on the diameter of the bolt portion. 

The actual form of thread is not shown, but the methods 
usually adopted are shown at a, Fig. 3, the first being the 
neatest and the simplest.. 

Abbreviations. — Apart from actual dimensions, it is neces- 
sary in places to add brief instructions, and to accomplish 
this simply yet intelligibly a number of abbreviations have 
become more or less standardized and are here given : 



C.I. 


Cast iron. 


f. 


Machine or finish. 


M.S. 


Mild steel or ma- 


C/L. 


Centre line. 




chinery steel. 


B.S.F. 


British standard 


Ph.B. 


Phosphor bronze. 




fine. 


T.S. 


Tool steel. 


B.S.P. 


British standard 


xi.S.S. 


High-speed steel. 




pipe. 


Sq. 


Square. 


U.S.S. 


United States 


B.P. 


Blue print. 




standard. 


Std. 


Standard. 


B.A. 


British Association. 


In, 


Inch. 


Whit. 


Whitworth. 


R.H. 


Right hand. 


Thd. 


Thread. 


G.A. 


General arrange- 


Hex. 


Hexagon. 




ment. 


Hd. 


Head. 


L.H. 


Left hand. 


C/Bore. 


Counterbore. 


Deg. 


Degree. 


C/Sink. 


Countersink. 


Rad. 


Radius. 


C/Hnd. 


Case-hardened. 


MC. 


Machine. 

^titid Views. As thi" 


H. &G. 

' ft.ssential 


Harden and Grind. 

noint of a mechanical 



drawing is that it should convey the ideas of the draughtsman 
to the mechanic as clearly as possible, the selection of the 
correct view or number of views becomes important. 

To draw an unnecessary view is wasteful and misleading ; 
to give insufficient views will give rise to innumerable queries. 

As to the correct method of showing plans and elevations 
there exists some difference of opinion, American draughtsmen 
adhering to what is known as third-angle drawing and English 
to first angle. 
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While the practice of a particular office should be followed, 
it matters not what arrangement of views is given as long 
as what is intended is made perfectly clear. 

Where the ordinary plans and elevations are not sufficient 
to convey the idea, section or part section drawings are 
added. In some cases there may be a plan, side elevation, 
end elevation and a sectional view, whereas in others the 
sectional view can be combined with, say, the end elevation, 
thus avoiding a view. Fig, 5 is an example of this. This 
is almost always done where the object is symmetrical about 
a centre line, one complete half being in section. 

In cases where -detail drawings (see Fig. 16) are drawn 
on the same sheet as the General Arrangement, views of the 
detail should be arranged as near to the original as possible, 
so that its exact shape and method of assembly can be imme- 
diately seen. 

Centre Lines. — Both in the drawing office and the 
machine shop it is necessary to have some central point 
from which to work, and for this reason the insertion of 
centre lines is essential . They do not necessarily pass through 
the centre of the object, but through its most important point. 

Take, for example, an automobile cylinder, the centre line 
would certainly pass through the cylinder bores, and another 
through the bore for the cam shaft, and others through as 
many more points of importance. The centre lines are 
generally put in first, and the object as it were built round it. 

A Working Drawing. — To assist the reader to a clearer 
understanding of the various points mentioned it will be 
best to give a working drawing, and, ignoring questions of 
design for a moment, to point out the method of procedure . 

The drawing (Fig. 5) represents a simple milling fixture 
for milling two flats on the component A. The part to be 
machined is marked in the usual way by placing a / thereon. 

In this fixture the component is held by inserting its long 
stem into the hole b till the shoulder f rests on the top of 
the fixture, then by tightening up the nut c the pad d is 
drawn slightly, which causes it to grip the stem of the 
component, the pad being prevented from turning by a small 
key E. 

The slot H, which is cast, and therefore saves a mechanic's 
time necessary to cut it out if left solid, is for holding down 
purposes. 
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To proceed with the drawing then. Having decided on 
the scale oi the drawing, which, for jig and tool work, is 
generally full size, the centre lines for the plan and side 
elevation are drawn. The circles for the pad, screw and nut 
are next put in, drawing very lightly in case of an error, 
and then the circle for the hole b. 

Having thus put in the most important part of the fixture. 
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the size of the surrounding casting, which is not important, 
can be decided upon and drawn. 

The end elevation and part section can now be put in, 
and after settling upon the material to be used the section 
can be correctly indicated. 

The dimensions are now inserted, together with any neces- 
sary notes and detail numbers. 



CHAPTER II 

SKETCHING 

The Value of Sketching — Proportion — Duplicates — ^Tabular Drawings — 

ObUque Projection. 

The Value of Sketching. — Ability to make rapid and fairly 
accurate sketches is essential to the successful draughtsman, 
in fact it has been truly described as an auxiliary language. 

Often it may be necessary to go into the machine shops, 
which may not be near at hand, to take details of a machine 
or tool, and to do this the machine may have to be stopped, 
obviously then the draftsman must not only be quick but 
reliable, for the forgetting of a point would entail another 
visit and stoppage which would not be viewed with pleasure. 

It is also of great value when discussing the pros and cons 
of equipment, a few rapid sketches making one's ideas imipedi- 
ately clear. It might be mentioned that sketching is one 
of the finest ways of learning and remembering the con- 
struction of machine tools and details, many people would 
be surprised to find how weak is their detailed loiowledge of 
various constructions, having looked at, passed by, and 
perhaps used a certain mechanism, quite certain that it has 
been understood, yet when called upon to put the idea on paper, 
difficulty is experienced. 

On the machine bed with chalk, on the wall, on the palm of 
one's hand, many are the arguments settled by means of a 
few telling sketches. 

Proportion. — There is one point that should be carefully 
observed, and that is that the various parts should be in 
correct proportion. In attempting to make a neat sketch 
this is often overlooked, and while it might be said that if 
the dimensions thereon are stated right, that is sufficient, 
it is very deceiving and often leads to a misunderstanding. 

When turning a job in the lathe or working on the shaper 
the mechanic gets into the habit of allowing the machine 
slide to travel till the piece looks something like the drawing, 
and then applying the rule or other instrument, 

10 
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. A, Fig. 6, is an example of this where the shortest length is 
marked 4' and a part considerably longer 2*. the diameters 
also being deceiving. 

It will also be noticed that only one view is given, this is 
permissible when no error can possibly occur, which certainly 
is so in this case, the word or abbreviation for diameter being 
distinctly written after the figure. 

Sketching pads made up of paper ruled in tenth of an inch 
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squares are exceedingly useful, but the draughtsman should 
practise so as to be able to draw under any circumstances. 
Duplicates. — Where rough sketches are called for in cases 
of great urgency the draughtsman will be well advised to lay 
a sheet of carbon paper between the sheets of his pad, so as 
to secure a duplicate, because such sketches, in their passage 
through the shops, generally become unreadable and in the 
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event of a mistake occurring due to this, the value of the 
duplicate is obvious. 

Tabular Drawings. — It, is often necessary to call for a 
number of parts very similar in form but differing perhaps in 
one or two dimensions. This is overcome by making one 
sketch of the part, but instead of putting the usual dimensions, 
letters are added as at b, Fig. 6. Below or near the 
sketch is then made out a tabular statement of the sizes 
required. 

This is particularly useful where a number of parts of varying 
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size are called for quickly, it being only necessary to fill in the 
figures. 

Oblique Projection. — The method of laying out an object 
showing views in a certain relation as in Fig. 6 is termed 
orthographic projection, and while it is the usual method 
adopted, it is sometimes necessary, particularly when sketching 
an awkward piece, to make its general form obvious at once. 

To do this, what is known as Oblique Projection is employed 
as shown in Fig. 7. The reader will observe that it has the 
appearance of perspective drawing except that lines going 
in the same direction are parallel. 

With this style of 4rawing it is possible to explain a point 
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to anyone unacquainted with mechanical drawing and it 
also enables three dimensions to be given in one view. 

To become skilled in the rapid sketching of objects thus 
projected, should not be difficult with practice. 

The best results are obtained by placing the longest side of 
the piece horizontal, this prevents a distorted appearance, 
then draw one of the edges upright, following with a side at 
30 degrees to the horizontal. 

After this, if all the lines running in the same direction are 
made parallel^ there should not be the slightest difficulty in 
producing quite lifelike sketches. 

To appreciate fully the value of this projection one has 
but to attempt to show by ordinary methods a complicated 
piece of pipe work with branches in different planes, or any 
rather elaborate piece of smith work. 



CHAPTER III 

FIRST CONSIDERATIONS IN THE DESIGN OF 
JIGS, TOOLS AND FIXTURES 

Difference between Jigs and Fixtures — ^Their Value — Looking Ahead — 
Cost of Equipment — Quality of Product— Class of Labour— nSingle 
or Multiple Equipment — Remember the Tool Room — Elaboration — 
Co-operation — Properties of First-class Equipment. 

Jigs and Fixtures, the Difference. — Claxity of expression 
and description is as important in the worid of engineering 
production as in any other trade or profession, so that a 
few words on the relation between jigs and fixtures will 
be helpful. 

One would be safe in saying that a jig is a device having 
suitable guides through which are passed the necessary tools 
to operate on the particular component held in that jig. 
The latter, as in the case of a drill jig, might have guide 
holes or drill bushes through its various faces, thus making 
it impossible to clamp it on the machine in any one 
position. 

In the case of a fixture, however, as the name suggests, 
it could be described as a device clamped to a machine 
table, into which the component to be dealt with is locked. 
In the latter case a certain amount of skill may be necessary 
to set the tools in relation to the fixture, whereas with a 
jig it is correct to assume that very little skilled attention 
is called for. 

Their Value. — The use of jigs and fixtures is extending 
and developing daily, having had its beginning in the pro- 
duction of small and medium-sized articles ; to-day, how- 
ever, one sees large engine and machine tool builders 
employing them, and the economies effected thereby are 
unquestionable . 

To mention a few points in their favour, there is : — 

(1) Quicker production, due to the removal of measuring 
operations, etc. 

14 
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(2) Cheaper production, it being then possible to employ 

unskilled labour. 

(3) Interchangeability, thus facilitating assembly and 

also helping future upkeep. 

The old mechanic who laboriously marked off each part 
has gone, to be replaced by the tool maker responsible for 
the manufacture of jigs and fixtures. It must not be as- 
sumed, however, that the system of employing jigs, etc., 
is infallible, because, in the case of castings which vary con- 
siderably in form, much trouble often occurs. 

A compromise is sometimes effected in such cases by 
centre lining or roughly marking out the important points 
of the casting and then locating them in the fixture. The 
latter remark applies particularly to heavier work such as 
automobile components, cylinders, etc. 

Looking Ahead. — The successful designer is not only 
an ingenious person, but one who has developed the habit 
of looking well ahead, and the field that he should scan 
before making any decisions will be indicated. 

In these days of ** Payment by Results " there might 
not always appear the necessity for giving special attention 
to rapidity of production but as it has been found that 
sometimes an operator or clique of operators will '* nurse '* 
a certain job with a view to maintaining or increasing its 
price, the design of what might be called " compelling " 
jigs and fixtures is necessary. 

By " compelling '* the writer means equipment, that by 
watching points in its general design such as method of 
loading, cleaning, clamping, etc., the opportunity for any 
such form of slacking is removed. 

By attention to the points mentioned an indirect increase 
of production is obtained, for without entering the field of 
" Motion Study " it is obvious that the operator can work 
continuously, or at least with less fatigue, when the number 
of his movements are limited. It is a fatal mistake for the 
designer to complete the design of jigs, tools, etc., for one 
operation on a component, without giving a thorough con- 
sideration to the operations to follow. The order, " layout," 
or sequence of operations for a certain part may be handed 
to the designer by his chief, but even then he should mentally 
follow the operations in order to make quite sure that there 
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exists no hidden " snags," because it has often been found that, 
paradoxical as it may sound, to add one or two extra opera- 
tions on a component has, in the end, reduced the total 
time of production very considerably. 

To give an example, a casting may be varying in form, 
or be very roughly cast at an important locating spot. To 
work from this point under these circumstances would 
probably result in many being spoilt entirely, a great number 
being doubtful, and others would require an expenditure of 
labour to save them from the scrap bin, whereas by intro- 
ducing an extra operation to clean or true up this locating 
spot, in the first instance the work would have passed through 
successfully with satisfaction to the people concerned, and 
without interrupting *' progress," ^ a very important point 
in a well-organized factory. 

Cost of Equipment. — The scale on which production is 
to be carried out, or the number of a certain article called 
for, will naturally decide the expense to be incurred in pro- 
ducing the necessary equipment. When dealing with turned 
work it would be necessary to decide between arranging 
for the tooling of an automatic as against a capstan lathe, 
or between the tooling of a capstan with cheap labour, and 
avoiding special tools altogether by putting the job in ques- 
tion on a centre lathe and employing skilled labour. 

Where the material is oi thin section, the question of 
press or drilling machine would arise, but whatever method 
is adopted, if the quantity to be produced is small, the tools, 
etc., should be made with as little expense as possible. With 
press tools the hardening process might, in some cases, be 
avoided, with the drilling operation the body of another 
jig might be utilized temporarily by adding the necessary 
extra parts. The main point to bear in mind, then, is that 
any profits accruing from a small job must not be consumed 
by the cost of the equipment. 

Quality of Product. — Quality of the finished product, 
by which, as far as the tool draughtsman is concerned, is 
meant accuracy and finish, comes next for consideration. 



' It b necessary to explain to the beginner that " Progress " occa- 
sionally referred to is the s>^tematic control of components, etc., from 
the rough stores till they reach the shipping department, in a finished 
state, by which means waste time is avoided and the efficiency of th^ 
works increased. 
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The greater degree of accuracy called for, the more care 
must be expended both in the designing and making of the 
jig or fixture. 

The machine available for the particular operation must 
be selected, and assuming that this machine has defects, 
which cannot be, or possibly it may not be convenient to 
have remedied, the equipment must be so designed as to 
produce accurate work, and at the same time to remove any 
danger introduced by these defects in the machine tool 
itself. It may sound somewhat unfair to thrust the respon- 
sibility of overcoming machine faults on to the designer, 
but he must regard it as excellent practice and remember 
that unusually successful results often bring their reward ; 
on the other hand, when connected with a firm whose plant 
is very doubtful, to ignore this would certainly end dis- 
astrously. 

The finish of a product is often affected, indirectly, by 
the method of machining which, in turn, is controlled by 
the design of the jigs or fixtures. 

If the various operations are so arranged that burrs or 
** rags *' are thrown up excessively, or surfaces are not 
finished sufficiently fine, extra expense is entailed in cor- 
recting this, and the final finish is sometimes affected. 
The removal of burrs often provides the designer with an 
interesting though difficult problem, the cost of their removal 
often being out of all proportion to that of the remainder 
of the work. 

Glass of Labour. — After considering the type and quality 
of the machinery in general, the class of labour employed 
must be remembered. If a firm are content to pay suffi- 
cient wages to encourage a somewhat higher grade of labour, 
the necessity for extremely accurate and foolproof equip- 
ment might be avoided ; again, some firms are very slow 
to change their methods — to replace an operation employ- 
ing a file and template by a profiling operation might not 
always meet with the approval it should. The continual 
change of operators necessitates the design of what might 
be called super-foolproof equipment. 

The writer remembers a concern situated in an agricul- 
tural district, the management of which regarded with 
dread the approach of the pea and strawberry seasons, because 
the operators, being mostly females, were attracted to the 

3 
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fields on the work of picking, which meant engaging new 
people, and in cases where certain operations required a 
little practice to accomplish, an amount of scrap work and 
delay resulted. A jig or fixture having clamps, the design 
of which were quite successful when operated by male labour, 
may not meet with the same success with female labour. 

The method of loading a component into its fixture is 
another point, and the designer will do well to imagine him- 
self in the place of the operator, especially where the weight 
is rather high and the operator a female. 

It might be said that it is the duty of the shop foreman 
to select his operators for the particular job, but the designer 
should remove the necessity for any such selection by 
attention to the point in the manner indicated. 

Single or Multiple Equipment. — In these days of high 
production the draughtsman should resist the temptation 
to design all fixtures on a high production scale, that is to 
say, to design fixtures capable of holding a quantity of 
parts at once. 

Careful examination will often show that better results 
are obtained by handling each piece singly. 

The writer remembers a very elaborate fixture for milling 
slots in the periphery of some steel rings 4* diameter, 
3 J* bore, and ■^* thick. It consisted of a steel mandrel 
about 12* long to fit the bore of the rings, the latter being 
threaded thereon and nuts finally locking them in position. 

The loaded mandrel was then to be lifted into a cradle 
on the machine, but as the price of this job only allowed for 
female labour the lifting was found to be more than a female 
could accomplish, which necessitated re-designing this fixture. 

Another factor to be considered is the supply of com- 
ponents. If this is from outside sources and is insufficient^ 
or perhaps the preceding operation is not fast enough, it 
does not pay to set up an elaborate equipment, so it is 
obvious that a simple fixture which can be easily set up 
and taken down is best under such circumstances. 

The same question applies to the designing of jigs and 
fixture for use on multiple spindle drilling machines, etc., 
for here again, if the supply of work is inadequate, it scarcely 
pays to set the machine which would probably remain stand- 
ing idle in preference to continually setting and resetting 
it, this in either case being very expensive. 
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Remember the Tool Room. — This might, with advantagb, 
be hung on the walls of many drawing offices as a text, for 
certainly, judging by some designs produced, tool makers 
are regarded as wizards. It is worth mentioning here that 
for a person to produce designs for equipment satisfying 
all points he must have had tool-room and machine-shop 
experience. 

Though, of course, the points already mentioned must be 
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ALLOWING FOR MACHINING WHEN DESIGNING. 



c6nsidered first, it would be wasteful to introduce a design 
that would occupy the time of skilled and consequently 
expensive tool makers when the same result could have been 
effected in a much simpler manner. 

Fig. 8 is an example of this, where a hole is wanted 
through the boss b at fixed centres and square with the 
other holes in the plate. 

The tool maker would probably clamp tbis casting on to 
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the lathe face plate for boring the hole, but the presence 
of the boss B would make this exceedingly difficult, as the 
four comers would have to be packed up equally as high 
as the boss, and it is doubtful whether, after many vexa- 
tious attempts, the holes would all be parallel. 

If, however, the designer had called for a separate boss, 
a quicker and more reliable result would have been obtained, 
even allowing for the extra work entailed in fitting the boss 
afterwards. 

The length of reamers, spindles, etc., which are to be 
finally hardened should be kept as short as possible, for it 
is quite possible that in getting over the difficulties caused 
by warping of long pieces when heat-treated, two will have 
to be made to ensure getting one. 

Elaboration. — A person whose work brings him con- 
tinually in touch with mechanical drawings gradually 
becomes something of a connoisseur, and it may be this, 
coupled with the desire to produce something pleasing to 
the mechanically trained eye, that tempts some draughts- 
men to introduce extremely elaborate and therefore expensive 
designs. 

Jig and tool offices and similar non-productive depart- 
ments ?ire regarded as necessary evils, therefore it is neces- 
sary that the results of their work should show in a 
favourable light. The cost of special equipment should be 
kept as low as possible, and this can most easily be done in 
the drawing office. Where iron castings form part of a 
design it is yery tempting to include webs, bosses, lugs, 
and numerous other refinements which certainly make the 
finished fixture look very workmanUke, but what has been 
the cost ? The extra bosses, etc., all made work for the 
pattern maker, the moulder found that the casting needed 
care in moulding, the tool maker had to think how he could 
best tackle such an awkward piece, and finally, when the 
cost department figured it all out, that designer had no 
reason to be pleased with himself. It is quite possible that 
a plain iron casting would have accomplished the same 
results, even pieces of channel and girder sections should 
not be despised. 

The designer who judiciously uses materials at hand, and 
is ever ready to adapt old discarded parts, shows a breadth 
of experience and indicates the profit-making servant. 
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Go-operation. — In the writer's opinion there is one essen- 
tial to the successful production of a commodity, and that 
is co-operation between the designer of the commodity, 
the planning department or jig and tool office, and the 
machine shop. 

Often, and with expensive results, do these people 
" plough a lonely furrow,*' thinking that it is hurtful to 
their dignity to alter or moderate their ideas at another's 
suggestion. When drawings of a component or the com- 
ponent itself is handed to the designer, it is often im- 
mediately obvious that by slight modifications the arrange- 
ments for tooling and subsequent production can be greatly 
facilitated. 

• As, however, it is not within his province to make such 
alterations, and the point in question may be very vital, 
he should consult with the people responsible for the design 
of the article, who should agree any alteration that would 
make for cheap production. 

Having got so far, though the draughtsman may be an 
expert mechanic, there may be many hidden difficulties in 
the particular machine shop into which the tools will go 
for use, so again it will be advantageous to consult with 
the shop foreman or charge hand before proceeding. 

Another very good reason why the policy of allowing 
the machine-shop people to express their opinion is that 
if eventually there is a slight hitch in the tooling arrange- 
ments, they will do their very best to get over the diffi- 
culty with the minimum of trouble, feeling that they have 
a share of the responsibility. 

On the other hand, no matter how well equipment is 
designed and produced, it is remarkable the difficulties and 
troubles that can develop when these designs are not to 
the liking of the machine-shop executive. 

To illustrate how co-operation resulted in economy, 
Fig. 9 is given. It shows the flange of an oil pump, the 
four holes, a, b, c and d being fixing holes and e an 
induction hole. It is obviously a job suitable for a multiple- 
spindle drilling machine, piercing the five holes in one 
operation, but as it was only possible to adjust the spindles 
of the machine to drill holes with l" centres, this was im- 
possible, as it will be seen on examining Fig. 9 that the 
centres of the induction hole and the nearest fixing hole 
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are }*'. After arranging with the designer of the pump to 
widen these centres the five holes were drilled at once, other- 
wise this piece would have required two operations. 

Properties of First-dass Equipment. 

(1) The cost of designing and making should be in pro- 

portion to the price and quantity of work in view. 

(2) Should be perfectly reliable as regards accuracy, and 

production therefrom should be up to the estimate.^ 
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(3) Should be light and easy to handle and manipulate.^ 

(4) It should be foolproof. 

(6) Parts subject to heavy wear should be designed to 
facilitate removal. 

(6) The equipment should not constitute a danger to the 

operator. 

(7) All parts should be standardized where possible. 

• The writer remembers a designer who would sit with eyes closed 
and mentally carry out movements necessary when operating the jigs 
or fixtures of his design, and it was very surprising how accurate were 
the results obtained when estimating production. 

■* The operators should not have cause to complain of fatigue. 



CHAPTER IV 
DRILL JIGS 

Holes through Diameters — Location — Self -Centring Mechanisms — 
Locating Rough Components — ^Adjustable Supports — Clamping — A 
Simple Drill Jig — Drill Jig for Pistons — Jig for Use on Double 
Spindle Machme — " U ** Washers — ^Jig Feet — " Jigging " a Com- 
ponent — Multiple Drill Head — Simplicity of Design — An Indexing 
Jig — ^A Jig Indexing in Four Planes— -Continuous Drilling. 

In this and succeeding chapters the design of various equip- 
ment will be considered, and so as to enable the reader to 
thoroughly grasp the various points requiring attention, 
it is proposed, in some cases, to introduce sample components 
and then to design the equipment for a certain operation. 
Attempts have been made to classify the various types of 
drilling jigs, but the dividing line is so faint that it is in 
many cases indistinguishable. For preference it would be 
better to classify the operation such as drilling raw castings, 
half-machined components, parts machined to coarse limits, 
parts finished to very fine limits, etc., a somewhat different 
type of jig being wanted in each case. 

Holes through Diameters. — In the engineering world 
there is an enormous variety of parts such as rods, tubes, 
pistons, etc., having holes passing through their diameters, 
and though this may appear very simple, it is not so when 
extreme accuracy is required. To illustrate this Fig. 10 
is given showing a piece of steel tube having i*' holes each 
end and running at 90 degrees to each other. 

It will be noticed that the holes are expected to be accurate 
within •002*'. The first consideration then will be, how to 
maintain this accuracy. 

It is at once obvious that a drill starting on a convex 
surface will always have a tendency to run off, which of course 
would be fatal, therefore the bushing that guides the drill 
must not only be as near as possible to the tube, but must be 
extra long so as to provide an extended bearing surface, 
because the continual tendency of the drill to run wears the 

23 



24 



JIGS, TOOLS AND FIXTURES 



bush considerably, this wear can be further reduced by 
making the bush a good fit on the drill. 

Seeing that the proper guidance and control of the drill 
presents no difficulty, the method of holding the piece will 
next be considered. 

Location. — ^The question of the correct locating point 
is very vital, for it is obvious that the accuracy of the hole 
cannot be greater than that of the locating point. The usual 
method for drilling single pieces is to lay them on a vee block 
as shown at A, Fig. 10, these blocks being very successful 
where the holes to be drilled are in one direction only, but 
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A. VEE BLOCK LOCATION. 

B. — ACCURACY AFFECTED BY VARIATION OP DIAMETER. 
C CHEAP JIG FOR SMALL QUANTITY. 



where the holes are in different planes another factor enters. 

This factor is the accuracy of the diameter of the rod or 
tube both externally and internally. 

A glance at b, Fig. 10, clearly shows that if the external 
diameter varies accuracy is impossible, because while the 
line a, b is correct, whatever the variation, when turning 
through 90 degrees and drilling, the lines c, d and e, f show 
that the hole position would vary with any difference in 
diameter. It can therefore be at once decided that while 
this condition exists, vee block location must be discarded. 

On the other hand, had the external diameter been finished 
to limits as accurate as those called for in the hole to be 
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drilled, a jig embodying a vee block would have t)een quite 
successful. It must be remembered then that if the two 
diameters are unreliable, the method of holding must be such 
that this absence of accuracy is avoided, and this can only 
be done by utilizing a device that will centraUze the tube or 
rod in all planes. 

The drawing indicates that the holes must be correct within 
•002* in their relation to the outside diameter. This allows 
the inside diameter to be ignored^ a very useful concession, 
seeing that the particular piece is from the tube in its raw 
state, under which circumstances the bore may not be con- 
centric with the outside. A certain path is therefore indicated 
to the designer, i.e. the jig must centralize the tube, and for 
this purpose the outside diameter must be made use of. 

Having determined the conditions that must be fulfilled 
to produce the requisite degree of accuracy, the method of 
securing this will raise the question. What expense can be 
incurred in making the jig ? 

Assuming that only a few dozen are wanted, it may be 
possible to introduce an . operation of turning or grinding 
the outsMe diameter at each end, finally resorting; to vee 
blocks as already mentioned. If that is impracticable, 
another method of getting through a small quantity would 
be to measure accurately the outside diameters and group 
these, after which a simple drill jig as shown at c. Fig. 10, 
could be made. The hole y would first be made to suit the 
tube of smallest diameter, and when this batch is finished 
the hole could be ground out to suit the next size. This 
method would, of course, make the jig useless for future work, 
but where the job was known to be the last this would not 
matter. 

Self-Centring Mechanisms. — Quite a number of these 
wiD suggest themselves and a few are indicated in Fig. 11. a 
is a pair of vee blocks arranged to slide, without any " play " 
and actuated by a right- and left-handed screw. If this 
method is adopted, the length of the blocks should be sufficient 
to stand considerable wear and also provide a long bearing 
surface, because the tendency is for these to lift when tightened. 
B shows two coned plugs, one of which is fixed and the other 
provided with a screw or cam lever enabling it to be with- 
drawn or closed on to the tube. This is quite good where 
the ends of the material are perfectly square ; if this is not 
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so, it is obvious that the tube will not lay parallel. If the 
tube being drilled is of thin section, care must be taken to see 
that the gripping mechanism is not powerful enough to 
distort it. The method shown at c employs a coned plug 
one end and an ordinary small three jaw chuck at the other. 
D and E, Fig. 11, show the principle of two devices, the former 
for gripping on the outside and the latter internally. Taking 
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D first, it consists of a body piece a on to which is screwed the 
coned nut d. Equally spaced round a are three hardened 
steel pegs or jaws c of equal length, capable of a sliding motion, 
so that on inserting a rod or tube in the bore e and turning 
the nut d, the pegs are depressed centrally and so grip the 
rod. The pegs are provided with small helical springs to 
assist them on their outward motion, e is very similar^ 
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except that the pegs are replaced by three pivoted levers g 
equally spaced round, which tilt when nut / is screwed up 
enabling their ends h to grip internally. 

Other than these there are spring collets as used on capstan 
lathes and also various types of expanding mandrels (see 
Chap. VI). 

Locating Rough Components. — In deciding from which 
point to locate a component the greatest care should be 
exercised, for upon this the accuracy of the finished work will 
depend, at the same time excessive operations introduced 
to provide a suitable locating point should be avoided if 
possible. Once an operation has been performed on a piece 
the question of location is simplified, but it is with the rough 
component that the difficulty arises. 

Forgings, stampings and die castings are generally produced 
uniform in shape, but ordinary castings vary considerably 
and it will be found in dealing with these that an elementary 
knowledge of pattern making or foundry work will be of great 
value, for it will be appreciated that it would be fatal to locate 
from a point that was continually changing, and the know- 
ledge referred to enables this to be avoided. 

In the case of a casting with bores calling for machining, 
the bores will probably be *' cored " out in the casting, leaving 
a certain amount of metal to be removed. Now in the 
production of the casting the cores are very liable to move 
and so produce eccentric bores, whereas the main pattern 
which produces the mould from which the castings are taken, 
if well proportioned, should give uniform results. 

The correct location point for a casting, then, can be best 
found by an examination of the method of producing the 
casting. In locating a piece of irregular form, or when 
providing a seating for a component, what is known as 
*' three point " location is best. The best illustration of this 
exists in the comparison of a three-legged stool and an 
ordinary chair. The latter, when placed on irregular ground, 
will invariably rock on two diagonal legs, whereas the former 
will adjust itself under whatever conditions it is placed. The 
diagrams in Fig. 12 indicate several methods of locating com- 
ponents when in their rough state as for the first operation. 

Taking a first, where the component is shown shaded, the 
operation required is to drill the holes a equidistant from 
the outer rim. In this case it is obvious that though the 
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holes might be drilled more central to the bosses by locating 
therefrom, this is not essential, and though the finished piece 
might have a better appearance when so drilled, the important 





point, 1 e the relation of the holes to the outside rim, would 
have been missed and probably a quantity of work wasted. 
One form of location shown can be employed where three- 
coned studs are provided equally spaced round the rim at 
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such a radius that the rim seats on the cones, the latter being 
provided with springs below, which enables them to drop or 
lift to suit the component ; the latter is by this means cen- 
tralized, and if the drill bushes are fixed on the jig in correct 
relation to these coned pegs, accurate results will be obtained. 

The angle of the cone on these pegs is generally about 60 
degrees, and they can be arranged to suit the inside or the out- 
side of the component according to which is most desired. 

Another form of location is shown at b, where the rim 
again enters into the question. In this case correct loc^,tion 
is secured by three hardened steel plungers a, behind which 
are fitted springs, and actuated by means of the cam b, a 
partial rotation of which will force out the plungers equally, 
thus locating the piece. The springs cause the plungers to 
fall back when the cam is released. 

At c a component having a cored hole calls for machining 
on the horizontal face indicated, and at a certain distance 
from the centre of the hole, so that it is necessary to fix the 
piece with the sides vertical. Two relationships are necessary 
then, first, the centre of the hole to the top face, second, the 
latter to be square with the sides. 

This can be overcome by having a coned centre d capable 
of a sliding motion and fitted with a spring, and at the sides 
four coned pegs similarly fitted, so that on pressing the 
component down on to the coned centre, the latter recedes, 
the spring being compressed until the component comes in 
contact with the coned studs e which set the sides to the 
vertical, after which the piece is clamped. 

There exist an endless variety of levers and plates having 
holes a certain distance from the end, and a form of location 
for this is shown at D. 

For locating pieces having a radius, the vee method already 
mentioned is quite satisfactory, one vee being fixed and the 
other adjustable, the latter also providing a means of locking 
the component. In the case of the piece shown the relation 
of the hole to the vee blocks is important. The accurate 
dimension must always come between the fixed vee and the 
drill bush, that is, assuming that block a is fixed, and the 
dimension is given at y, the component is correctly located, 
but if as at x the component should be reversed so that the 
end from which the dimension is given butts against the fixed 
vee. 
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Parts having an, exceptionally irregular outline are very 
difficult to locate, one method is as shown at £ where the 
component is forced by the screw a against the two pegs b, 
the latter being arranged at the most clean and reliable parts 
oJ the casting, also at points that govern the important 
dimensions. In cases where the piece is so irregular that it 
has proved impossible to use pegs, the difficulty has been 
overcome by having the outline of the piece accurately marked 
or engraved on a jig plate, and then clamping the piece on 




® 



to it over the outline. Naturally a smart operator will be 
necessary for this job, but it will be found that the extra time 
taken or expense incurred by adopting this method will be 
outweighed by the small amount of scrap, and also by the 
time saved by not having a jig with pegs to adjust to suit the 
varying castings. 

Where the position of a radius is important, the semi- 
circular pad provided with a spring seating, indicated at f, 
is quite successful. To avoid the roughness of the concave 
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shape, the pad is cut away or relieved so that only two or 
three points of the pad are in contact with the component. 

Adjustable Supports. — It is frequently necessary, after 
a component has been located in a jig or fixture, to swing or 
adjust the piece square irrespective of its section and at the 
same time to provide support, h. Fig. 13, is a form of support 
where the component is located in a jig at a slightly varying 
angle so that the support a pivoting at h will adjust itself 
to the angle. At j is another very useful form of support 
which also sets a component horizontal in the fixture. It 
consists of a coned bolt a on which is a sliding cone b having 
a similar angle to the bolt. By turning the nut c the two are 
drawn together thus causing the pegs e which are provided 
with angular fiats on their bottoms to move upwards equally 
at the same time correcting the component should it not be 
horizontal. 

Clamping. — Having correctly located the component, the 
next thing is to see that it is clamped in an efl&cient manner. 

A large amount of time can be wasted and work spoilt 
by having unnecessary clamps, or ones that are awkward or 
complicated, by having them placed in awkward positions, 
or by making them removable so that they get mislaid. 

The first point is that the gripping should take place 
immediately over or as near as possible to the locating spots, 
otherwise the work may distort. It has often been found that 
work, after it has been machined and checked in position, is 
correct to size, yet on releasing the clamps an entirely 
different result is obtained. It should also be remembered 
that the clamping method should take into consideration the 
operation being performed. If it is horizontal milling, where 
the tendency is for the work to be lifted up from the machine 
table, the clamps must be so arranged as to prevent this ; if 
it is vertic&l milling where the tendency is for the cutter to 
swing the work off the table, the clamps should be assisted 
by projections or pegs to take up this thrust. 

A variety of clamps are illustrated in Fig. 14, and the designer 
must see that while the clamp is effective it is not too elaborate. 
The simplest form is seen at a and no apology is offered 
for mentioning this old method, because even to-day it is 
possible to find it being applied in a faulty manner. 

It should be arranged so that the pressure of the nut is as 
near a« possible to the work, so that the latter gets the full 
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value of the leverage. The inclusion of a spring beneath 
the clamp plate will assist wonderfully in its manipulation. 
The plate a should err rather on the thick side and should 
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be provided with an elongated slot enabling it to be slipped 
back to facilitate the removal of the component. 

At B is seen the same type of clamp, but the hexagon nut 
is replaced by a round-headed one provided with a loose tommy 
bar which obviates the necessity of the operator using a spanner. 
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the use of the latter should be always avoided where possible. 
The opportunity of clamping more than one piece at once 
as at c should be watched for. 

Favourite clamps for holding components in drill jigs of 
box formation are shown at d and e. In the former the end 
a is pivoted so that the clamp swings clear to enable the jig 
to be loaded, and when ready for clamping the hooked end b 
passes under, the head of a stud as shown so that the plate is 
effectively held while the clamp nut c is screwed home. 

That at e works in a similar manner except that the clamp 
plate is removable. 

At F is seen another pattern, the link a swivelling about the 
studs c, the bolt b gripping the work. The disadvantage 
of this type of clamp is that it occupies three faces of the jig, 
thus making it impossible to turn in any but one position, 
without the use of legs of excessive length, and the latter 
should be avoided. 

It can, however, be made removable if this form of clamp 
is unavoidable by slotting the pivot hole as shown at d. 

Where the component varies slightly in shape, the clamps 
shown at h are very useful. The plate a being hinged at b 
and provided with a slot as shown, thus enabling the bolt d, 
which is also swivelled at e, to be swung clear, forming a very 
quick method of holding. The pad / is suspended at h, so 
that it swings ready to adjust itself to any variation in the 
form of the piece. The plate a should be of generous pro- 
portions, as it will be seen that the tendency is to bend it 
across the line x, y. 

As it is essential that the minimum time must be spent 
on the clamping of the piece, the employment of long lengths 
of thread should be avoided. Particularly in the case of 
finished or semi-finished work, where there exists a portion 
having a constant shape, clamps in the form of levers or 
toggles provided with a cam lobe are an advantage. At j, 
K and L will be seen three types of cam lever applicable to 
various cases. That at j is shown in use in Fig. 16, and it is 
usual to have the centre thrown eccentric by a distance 
varying from ^i^" to y^*- '^^^^ amount is described variously 
as the " lead," " throw," " rise," or '' lift." 

The cam on the lever at k is drawn as indicated, and the 
portion at a must be sufficiently wide to prevent it bending 
when the lever is thrust home. That at l is of slightly different 
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pattern to the others and is not so well known, but used in 
the proper place it is very successful. The cam a is fixed 
to the spindle b which is operated by turning the handle 
c. the cam applying pressure to the bolt d, the latter being 




provided with a spring to lift it when the pressure is released. 

To grip a component having a fairly large area which is 

not at right angles to the clamp bolt, the method shown at 

H will be found satisfactory, with the advantage of having 
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only one bolt to operate. The plate a is pivoted at the 
end of the bolt h, and the former has three hardened pegs 
c, so that at whatever angle the face of the component may be, 
the three points are enabled to reach and lock it, the clamp 
screw being equidistant from them. 

Forgings of small levers, stampings, etc., are not always 
easily gripped, but N indicates one method where the com- 
ponent is seen held by two vee blocks, one being fixed while 
the other is actuated by a clamping bolt. To keep the piece 
from lifting it will be noticed that the vees are not cut at 
right angles to the face of the blocks, but at about 10 degrees 
which prevents the component from lifting due to the action 
of the cutting tool. The movable vee should be accurately 
dovetailed into the foundation plate of the fixture to prevent 
it lifting when pressure is applied. 

The designer will often meet components that will tax 
his ingenuity to devise suitable clamps, and as has already 
been mentioned this may be overcome by consulting those 
responsible for the design of the piece in question, with a 
view to making a slight alteration to assist clamping. 

At p is a clamp of special design holding a forging of awkward 
shape. The latter is located on pads at a and held by the 
claws b. These are pivoted at c and the locking is effected 
by screwing up nut e on bolt d which passes through one 
limb and swivels on the other. 

The length of the lip x should be as short as possible, other- 
wise time will be wasted in opening the claws wide enough 
to permit of removing the component. 

The magnetic chuck and the introduction of compressed 
air for operating clamps will no doubt make a great difference 
in the future, but as the sphere of usefulness of the former is 
limited and the latter merely applies the necessary force, 
the question of the method of holding still remains. . 

The reader is advised, however, to make himself acquainted 
with the theory of these two introductions. 

A Simple Drill Jig. — Fig. 16 gives different views of 
a simple yet highly successful jig, for rods or tubes where 
the holes are in one plane. The rods lay on the vee block and 
a single motion of the lever a locks the rod centrally. The 
construction also allows of easy removal of the work. Plenty 
of room also exists for the operator's brush when removing 
the cuttings, a very important yet much neglected point. 
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As this iig is shown fully detailed (see Chap. XIII), no further 
description will be necessary. 

Drill Jig for Pistons. — The increase in the production 
of motor vehicles has brought to light a very interesting 
machining proposition in the form of pistons, and the points 




already mentioned in connection with drilling -through 
diameters apply to this component. 

Fig. 17 shows a piston in section, one is also seen in position 
in the drill jig illustrated. To get these pieces machined 
quickly a horizontal machine having two spindles opposed 
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to each other and capable of being fed in simultaneously is 
often used. 

It will be at once seen that the drilling time is halved and 
also by drilling through from opposite sides greater accuracy 
is obtained. For the piston to function properly when complete 
it must be correct to size, a certain weight, and with its walls 
of sufficient thickness to give the necessary strength. 

To secure this evenness of wall special precautions are 
adopted when turning the diameters (see Fig. 42), and to 



u /E Similar 
T* Re. 14. 




FlG.J7. 
DRILL JIG FOR PISTONS USING HORIZONTAL DUPLEX MACHINE. 



assist when putting in the grooves and also to provide a locating 
place when drilling, the inside diameter a is machined to rather 
close limits. The hole to be drilled, which is for the gudgeon 
pin, must be central, at right angles to the axis of the casting, 
and at a certain distance from the top of the casting, because 
if the latter varied it would cause a variation in the compression 
when working. 

As the face c and the diameter a is turned when locating 
from the top d if the hole about to be drilled is located from 
c the dimension h should be maintained correctly. Examin- 
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ing the jig then it consists of a main casting a which is clamped 
to the bed of a horizontal duplex drilling machine, b is a har- 
dened steel locating pad, c is a 60-degree vee block, mounted 
on a peg and capable of a vertical sliding motion, but being 
provided with a key to keep it in position, that is, so that 
the vee forms a seat for the two bosses e and locates them 
central with the drill bushes d. 

Beneath the pad is a helical spring which presses the pad 
upwards, thus assisting the location. The clamp E (see f. 
Fig. 14), which swings about f locks the casting securely in 
position. With such a delicate casting the locking nut g 
should not be made so as to provide too much leverage, other- 
wise the casting may be distorted. With any form of jig 
that suggests a box or receptacle there arises the difficulty of 
cleaning, or getting rid of the cuttings, which if allowed to 
remain will interfere with the accuracy of the jig. 

To ensure that this does not happen considerable thought 
should be given, because even if the cleaning is successful, 
the time taken to accomplish it should not nearly approach 
that taken for the actual drilling. In Fig. 17 at H are two out- 
lets cored in the body casting just beneath the bushes, so that 
the cuttings will, when falling, work out of the jig, also the 
cuttings that may accumulate in the vee piece can be easily 
swept out in the same direction. 

To prevent, as far as possible, any cuttings getting on the 
main location b, and under the piston, the former is relieved 
so as to leave but three points for the latter to rest on. The 
space between the vee block and the pad should also be 
kept wide enough to avoid the possibility of cuttings inter- 
fering with its free movement. 

Jig for Use on Double Spindle Machine. — Fig. 18 shows 
a jig for drilling the component seen in position in the jig. 
This component, which is a part of an agricultural machine, 
is a steel forging which has passed through its first operation, 
which consisted of boring the centre hole and then facing the 
boss h of the latter and also the bosses a and c, leaving the 
two holes X and y to be drilled. 

The most important point to be observed in the drilling is 
that the holes are the correct distance apart and that they 
run parallel with the centre bore. Seeing that the latter is 
finished and faced as also is the two small bosses, the methcd 
of locating as shown should give the desired result. 
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As tlie jig is intended to have a long life the seats on which 
the bosses rest are made of hardened steel. The arms cafry- 
ing D, the drill bushes A should be as close as possible to 
the forging so as to keep the length of the drill protruding 
below the bush as short as possible, thus ininiinizing the risk 
of the drill deflecting from its true course. To locate the bosses 
a and c central with the hushes A, the vee block / operated by 
the lever g is used, a spring h being provided to keep the 
block in contact with the component when locking nut t. 

The height of the vee / should be such that it touches the 
forging just below the centre line of the boss, thus avoiding 



the "flash" or burr which generally exists on forgings due 
to their being formed between two half dies. 

The cast-iron arms bearing the drill bushes, it will be 
noticed, are strengthened by arms k, which while adding the 
necessary strength do not add excessive weight. The reader 
is warned that while the inclusion of webs, fillets and other 
strengthening devices is often necessary they considerably 
increase the cost of the fixture, because of tiie extra work 
entailed when making the foundry patterns. 

It is assumed that the jig would be used on adouble spindle 
' machine, drilling boss c right through and boss a half-way, after 
which the small bush m is slipped in position and the small 
hole drilled through. Had both holes been the same diameter 
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the job could have been dealt with on a single spindle machine 
or a multiple spindle machine, in the latter case taking half 
the time. 

** U " Washers. — To facilitate the removal of components 
that are located on a screwed stud, the method adopted in 
Fig. 18, is very successful. The nut r is made slightly less 
in diameter across the corners than the hole in the component, 
so that the operator has merely to loosen the nut and slip off 
the U washer s when the component can be lifted off, the 
nut remaining in its place. Though loose pieces are condemned 
the washer described should be introduced wherever possible 
in connection with hexagon nuts, even if it is chained or 
otherwise anchored to the machine to prevent the operator 
dropping or losing it. 

Jig Feet. — It will be at once seen that if the holes are to 
be kept accurate, the jig must lay quite flat on the machine 
table. Pieces of cuttings under one side of the jig would tilt 
it slightly, thus causing the drill, when entering the bushes, 
to be strained out of the vertical, which would gradually wear 
the bushes large and finally produce faulty work. To avoid 
this, jigs are provided with feet sometimes consisting of har- 
dened steel pegs, at other times the legs' are formed by machin- 
ing a recess in the centre of the base of the jig, thus leaving 
the corners standing clear as in Fig. 18, w, though in this case 
the recess was cast. 

** Jigging •• a Component. — It is worth while halting at 
this point to indicate a common method of procedure when 
designing a jig or fixture. Assuming that the various points 
mentioned in Chap. II. have been decided, the draughtsman 
takes a blue print of the component, and fixing it squarely 
beneath his detail or other fine drawing paper, traces it, using 
red ink for this purpose and including only the outline of the 
piece and its centre lines. With the component before him, 
the locating points are considered and lightly drawn in, as 
also are the methods of clamping. At this point it is well 
to examine closely an actual component botlx finished and in 
the raw state, for when a jig has been designed entirely 
from the component drawing it is remarkable how many 
irritating points can crop up after it is made and ready 
for use. 

Having got so far it only remains, as it were, to build the 
body of the jig or fixture round the component, bearing in 
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mind strength, chip capacity, lightness and finally the 
pattern maker 1 

A Multiple Drill Head. — ^Though there are in existence 
many designs of multiple spindle drilling machines, there is 
another field which has been developing recently, and that 
is the design of multiple spindle heads of various sizes and 
spindle centres to suit certain components, the heads being 
attached to radial or other single spindle machines. The 
great advantage of these is that no setting of the spindles is 
necessary, being made for a single purpose, and simply require 
clamping on the sleeve of the machine. Fig. 19 shows a sectional 
elevation of one with two spindles, which would be quite 
suitable for use in connection with a drill jig of the type shown 
in Fig. 19, drilling the two holes at once. 

As there is a bright future in front of these, time will be 
well spent in examining the construction. 

The body is built in two parts, a and b, of cast iron which 
should not be too heavy, the use of thin section and the 
introduction of ribs to add strength is advisable. The drill 
spindles c, which are of mild steel, are integral with the pinion 
by which they are driven, and run and are supported by the 
phosphor bronze bushes d. The upward thrust of the spindles 
is taken by the ball thrust washers E which, it will be noticed, 
are dropped into a seating in the spindle pinions, and are 
further retained by the rod f. 

The drills are gripped by the spring collets, g being forced 
up into the coned portion of the spindles by the nut h, the 
latter being provided with holes or flats to assist when 
tightening. 

The gears are lubricated through the plug hole j, though 
if the gears are filled with good solid lubricant when assembling, 
a long time should elapse before further attention is necessary. 
The two spindles are driven by means of the central pinion 
K which runs on the peg l and is in turn driven direct by the 
drilling machine spindle. This is effected by cutting a slot 
about f ^ square centrally across the end of the machine spindle 
which engages the square peg shown at M, the latter being fixed 
centrally across the centre pinion. Another method of securing 
the drive is to arrange for a tapered spindle to be integral 
with the centre pinion and allow it to fit the tapered spindle 
of the machine. 
The complete attachment is sUpped on to the sleeve of the 
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drilling machine, the rack attached to the latter fitting the 
slot N and on tightening up the bolt p the head is securely 
held. From this simple example the reader will see«that it 
is quite easy to design another head for any arrangement or 
number of holes. If the holes are to be closer together it 
will mean that the gears must be of smaller diameter. 

The centre pinion in Fig. 19 had 19 teeth of 12 pitch, while 
the two side pinions had 17 teeth of 12 pitch. If desired the 
spindles can be bored to take morse taper shanks instead of 
the small collets and nuts as shown. 

Simplicity of Design. — It has already been mentioned 
that mass production does not necessarily call for elaborate 
and multiple tools, in fact sometimes the simplest equipment 
will give the best results. It is possible to design a single 
drill jig to include in it bushes for every hole in the component, 
and while this method is very safe, ensuring the correct 
relation between the holes, it is possible that production may 
be hampered by waiting for one operator to complete the 
drilling, whereas had a more simple jig been designed, the 
work could have been split up among different operators 
and production facilitated. 

Fig. 20 shows a group of drill jigs for drilling* the necessary 
holes in a brass motor-car wind-screen bracket. This com- 
ponent contained a number of holes in various planes, and to 
include them in one jig would have resulted in a very awkward 
piece of work, so that it was decided to make simple jigs as 
shown. 

The three parts of the complete bracket are seen 
standing behind the group, and the chief one is shown at 
Fig. 21. 

The jig A is for drilUng a hole through the lug /, and for 
this purpose the component is held vertically by means of a 
hook-shaped clamp b operated by nut c, and located from 
the holes e. 

These two holes are made use of for this purpose throughout 
all the drilling, they being in turn located from the hole v 
which is drilled first, so that it may be said that all holes are 
measured off from hole a. As the lower fork of lug /is tapping 
size and the upper clearing, the bush D was made to suit the 
latter, so that when drilling, the clearing drill is set to pass 
through the upper lug and make a centre hole in the lower, 
after which a tapping size drill is used, starting in the centre 



i4 JIGS, TOOLS AND FIXTURES 

made by the larger drill this necessitates the use of a two-spindle 

drilUng machine. 

As tbe larger of these holes was only (' diameter, and the 
brass was of very soft nature, no support was found necessary 
underneath the lug to take the thrust of the drill. 

For drilling the hole A the jigs e and f are used, one being 
left- and the other right-handed to suit the two opposite 
handed castings. It will be seen that they are very simple 
in construction, being plain angle iron castings. 

The components are located from the hole a on the stud 



H, the nkachined face A of the component butting against the 
shoulder seen on the stud. The latter is of hardened steel, 
and is a push fit (see Fits, Chap. IX), and ia provided with a 
nut for locking purposes. To facilitate loading and unloading 
the nut o is of smaller diameter than the hole a, thus en- 
abling the component to be removed without taking the nut 
from the stud, the u or chp washer seen at the foot of the 
jig enabling the clamping to be efiected. 

The extra thick base of this jig, not visible in the illustration, 
prevents any possibility of the jig tipping over when drilling. 
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and it would have been an improvement to have made this 
base of inverted tee section. 

As a general rule the feet or foundation of a jig should be 
equally balanced about the area bounded by the holes to be 
drilled. 

The jig H is for drilling and reaming the main hole a where 
it will be observed that the component, which is semi-circular 
in section, rests in a vee block j, and is located by two short 
pegs which engage in the slot m. Fig. 21, at the top pf the 
component. No clamping is necessary, because the thrust of 
the drill, which is about i^ in diameter, keeps the component 
in position. For reaming, the drill bush is removed, being 
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WIND-SCREEN BRACKET CASTING (SEE FiG. 20). 

specially designed to facilitate this, and a bush ol the reamer 
size inserted. The bush and its locking screw is seen in 
the illustration, and the reader is reminded that these bushes 
as well as the clamps, nuts and various parts of jigs are stand- 
ardized in various drawing offices and the designer should 
follow any procedure laid down. Fig. 164 shows a drill 
bush, and its proportions are given in Table No. 14. Fig. 165 
shows a reamer bush, and Table No. 16 gives suitable propor- 
tions. To prevent wear and consequent inaccuracy due to 
the constant removal of the bushes, the cast iron or mild steel 
part of the jig holding the bushes, is generally provided with 
a hardened steel liner or sleeve; a close examination of h, 
and also Fig. 165, will reveal one such. 



JIGS, TOOLS AND FIXTURES 



DRILL JIGS 47 

The face k of the component is finished by what is known 
as a spot-facing operation, and is carried out on the plate l. 
The hole a fits the plug A of the plate, and the pilot pin of the 
cutter M is a running fit in the small bole seen in this plug. 
The peg n is merely to prevent the component from swinging 
round, whicl^ is rather dangerous when the cutter is at work. 
The plate itself is of cast iron, provided with two slots cast 
in it for fixing purposes, and the centre plug is of hardened 
steel a force fit into it. 

An Indexing Jig. — Fig. 22 shows the drill jig for a com- 
ponent which is the centre portion of an automobile rear axle. 
The holes to be drilled are six in number, equally spaced roamd 
the flanges a and b, and as a horizontal multi-spindle drilUng 
machine was not available, the fixture was designed to be 
used under a vertical machine as shown in Fig. 26, the table 
being removed. 

The component was located from its cored hole, the flanges 
having been previously turned from this point on a mandrel 
similar to the one shown in Fig. 37, on a coned stud c and a 
similar stud c^ provided with a screw at the opposite end com- 
pleting the location and also acting as a clamp. 

To set the face/, which was about 10* diameter, square, a rod 
provided with cams is arranged at h so that before tightening 
Ci this cam rod is brought into contact with the face of the 
piece and so retained while the clamping is effected. The 
fixture consists of a cast-iron cradle, which is kept as light as 
possible and strengthened by webs and fillets at m and revolves 
on a steel spindle n in the pedestal p. The latter has a bronze 
bearing, which should be kept as long as possible ; the webs 
R and s support the pedestal, which is subject to considerable 
strain due to the six holes being drilled at once. 

The plunger for indexing the cradle in its two positions 
is shown in position at u and in detail at a. The plunger 
pin V, and the bushes winto which it fits, are of hardened steel 
to prevent wear, and the former is kept reasonably long together 
with.its bearing so as to prevent it working slack with resultant 
faulty indexing. The plunger is provided with a tapered 
nose which enables any wear to be taken up by allowing it to 
drop further into the bush which, of course, could not be done 
with a straight plunger. 

A Jig Indexing in Four Planes. — Another design of 
indexing jig is shown at Fig. 23, the component in this case 
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being an automobile gear box casting. The jig is seen in 
position on an ordinary radial drilling machine, and of course, 
as only one hole can be drilled at a time, unless a head designed 
on the principles ot Fig, 19 "be employed, production will be 
limited. This could be overcome by mounting the jig on a 
steel truck and passing it beneath the various drilling machines 
each set for operating on the different faces of the casting — 
this principle is illustrated in Fig. 156. 

The main cradle of the jig is of cast iron, and pivots on steel 



studs in the standards a. It has four steel indexing bushes, 
three being visible at b, c and d. and the plunger for them is 
seen at e. 

To enable the component to be loaded and removed easily, the 
top plate F is made so that it can be detached from the jig. 
To hinge this plate as in abox would have necessitated widening 
the cradle, which must be avoided, as it is essential that the 
drill bushings be kept as near as possible to the component. 
The plate was therefore located on the fixture by the plungers 
J, K and L, which engage in the bushes Ji, k, and Li. The 
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lug seen at p inside the casting also required to be drilled, 
so that, as it is impossible to bring the drill bush near to 
it, an auxiliary bush is introduced to support the drill, which 
would otherwise bend and " wander " due to its unsupported 
length. 

This is accompHshed as shown in Fig. 24, where a is the lug 
to be drilled and b the drill bush through which the drill will 
enter, the bush c is attached to another removable part of 
the jig and acts £ls a support. In the illustration. Fig. 23, 
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SPECIAL GUIDE PLATE TO SUPPORT EXTENDED DRILL. 



the plate f is provided on its other side with an arm carrj^- 
ing a supporting bush as described. 

Continuous Drilling. — Making use of the automatic 
feed of a drilHng machine continuous drilling can be accom- 
plished by using two identical jigs, and locating them on a 
revolving plate arranged on the machine table. 

This method has been developed in connection with multiple 
spindle machines, and Fig. 25 is an illustration of this, where 
components from harvesting machines are being drilled. 

The two necessary fixtures are seen built in one, and it 
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will be noted that while one is in operation the other can be 
loaded. The jig plate a carrying the drill bushes is hung on 



four steady rods so that as the spindles are brought down to or 
lifted from the work the plate follows. 

The correct location oi the plate on the jig is secured by 
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means oi the pegs B. The spiral springs seen on the steady 
rods keep the plate in position at the bottom of the rods as 
the spindles are lifted after drilling. 

If a reaming operation is necessary three jigs can be 
employed, equally spaced round the table, and the machine 
spindles arranged in two groups, one holding the drills and 
the other reamers, so that while one component is being drilled 
the other is being reamed and a third being loaded into the 

The revolving table is generally purchased with the machine, 
though it can be made quite easily. The plunger for indexing 
can be seen at c. 

In some cases where high production is called for, to save 
time and more effectively remove the cuttings, a compressed 
air pipe is attached which blows away the cuttings as they 
are made. 



CHAPTER V 

MILLING FIXTURES 

Choice of Machine — Setting Spots — ^A Simple Fixture — String Fixtures — 
Continuous Milling — Indexing Fixtures— Clamps and Location (see 
Figs. 11-16, Chapter IV). 

The competition in connection with the finishing of surfaces 
is very keen, the milling machine vieing with the planer and 
the grinder for supremacy. Where the work is other than 
a plain surface, however, the milling machine still stands 
first, but the designer must consider well if the decision of the 
actual operations is left to him, before fixing on the method. 
Having decided that the milHng operation is best for a given 
job, the question arises as to whether the fixture is to be a 
multiple one, that is, to hold a number of pieces at once, or 
only to operate on one piece at a time. This will naturally 
depend on the number of components passing through the 
shops, also whether the operation is a permanent one or not. 

Choice of Machine. — The selection of the type of milUng 
machine for a certain operation also calls for care, though 
in many cases a job is put on a certain machine because 
another and more suitable one is hard pressed with work. 
The designer should always consult the shop foreman as to the 
best machine for any job, and having done so should see that, 
especially in the case of " string " fixtures, the capacity or 
length of traverse of the machine table is considered (see 
Tables Nos. 16 and 16a). 

The miUing machine of the " Piano " or " Ingersol " type 
is undoubtedly very valuable for medium and heavy work, 
especially where large quantities of components are available, 
but as this type is not known to every shop, time will be 
better spent on a consideration of the more common machines, 
seeing that the different points to be watched when designing 
apply equally to all. Assuming that a component calls for 
plain surfacing, the choice may rest between horizontal and 
vertical milling as at a, Fig. 26. If the surface is very wide, 
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using roller mills (see Fig. 62) on a horizontal machine will 
probably be quicker than using an inserted tooth cutter in a 
vertical machine. Should the area be small, however, a vertical 
operation will be the quicker. 

In the case of the component at b calling for " straddle " 
milling, the fixture can be made adaptable, so that in the case of 
horizontal machines being pressed with work, the fixture could 
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MILLING METHODS. 



be arranged on an angle plate as at c and vertically " straddle " 
milled, though, in this case, as the end of the arbor is un- 
supported, in some machines, a slower feed must be used. 
Here also the " Duplex " type of machine, that is, where the 
two spindles are horizontal and opposed to each other as 
indicated at d could be employed, and, in the writer's opinion, 
this method is ideal. 
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Where the component is of medium size, with machining 
operations necessary on the side and face, the '* Duplex " 
machine again proves its value, and it is being used with 
advantage at e, one spindle being adjusted to mill the top 
face and the other the side. 

At F, Fig. 27, is seen a component having a face to be 



^ 




} — t 





FiQ.a7 



OOOOQQ 







MILLING METHODS. 



machined which varies in width, there being a space in the 
centre before again machining at the opposite end. For 
work of this class, in order to avoid waste of time due to— 

(1) Table traversing during the blank, or 

(2) Operator winding the table across the blank, or 

(3) Inability to conveniently alter feed and speed to suit 

the reduced area. 
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a special type of machine has been introduced which possesses 
a number of " dogs " clamped to the side of the table, which 
automatlQally trip the feed mechanism. So that in the case 
of the component at F the table would traverse at a certain 
rate from a to b, the feed would then be tripped to, a faster 
one from 6 to c, and from ctod the table moves past at a rate of 
100 feet per minute, being again tripped into the correct 
feed at d as before, finally, when arriving at'e the table is 
tripped once more, the table running back to its starting 
place at 100 feet per minute, when the component is removed. 

For continuous work the parts are arranged on a fixture h 
of circular form and fixed to a rotary table used in conjunction 
with a vertical machine. The table is loaded and the revolving 
mechanism put in gear, so that while the cutter is at work 
at a the operator is unloading the finished pieces at b and 
replacing them by raw ones. Semi-continuous work can be 
carried out on the horizontal machine by means of the fixture 
at J where the components a pass under the cutters while 
those at b are being loaded. On the completion of those 
at a the horizontal table is run back and the rotary table 
turned through 180 degrees, bringing those at b into line 
for machining, at the same time allowing for the removal and 
replacement of those at a. 

Another and more common method is to employ what is 
known as a " string " fixture, that is a fixture holding a number 
of components in a line as at k. With this fixture, though 
the pieces can be removed as fast as they pass under the 
cutters, they cannot be replaced until the fixture has completed 
its traverse, and has been returned to its original starting- 
place. In this case a small waste of time occurs, but the 
operator can load the first one or two pieces into the fixture 
and then set the machine in motion, loading the remainder 
as the cutting proceeds. 

One other machine caters for semi-continuous work, where 
the main table of the machine, circular in form, rotates 
carrying upon it, equally spaced from the centre, two tables 
capable of longitudinal traverse, as shown at l. 

The parts are clamped in the fixture on the slide a, and 
while these are passing under the cutters the fixture b identical 
with that at a is being unloaded and loaded; here again, 
however, a small leakage of time occurs when revolving from 
a to b. 
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Setting Spots. — To facilitate the setting of the cutters 
relative to the fixture, setting spots are introduced. These 
vary according to the nature of the operation, but briefly, 
they consist of hardened steel pieces, generally permanently, 
attached to the fixture in such a position that, by measuring 
from them, the correct position of the cutter is obtained 
without trouble. 

A usual method is to fix upon a standard amount of space 
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THE USE OF SETTING SPOTS. 



that is allowed beneath the spot and the cutter for the latter 
to be located correctly. For the information of the setter 
when no standard amount is fixed, the amount decided upon 
for a particular fixture should be plainly marked thereon. 

A and B, Fig. 28, makes clear their use, where at a is seen 
a cutter milling the piece b to the height d, and the latter is 
determined by placing between the cutter a and the setting 
spot e a feeler having a thickness of '010^, so that any guess- 
work is eliminated. 
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At B is a slotting cutter which has to be located correct for 
depth and also lateral position. This is obtained easily by 
means of the setting spot a which enables a feeler of calculated 
thickness to be inserted below the cutter and also at its sides. 

A Simple Fixture. — The word simple is used in this case 
to mean a fixture holding only one piece, and from this a 
multiple fixture could be made by including a number of similar 
fixtures in one and possibly making one clamp hold more 
than one component. 

At Fig. 29 is shown a fixture for holding an aluminium cover 
plate which is shown shaded in position. The fixture is 
intended for use on a vertical spindle milling machine where, 
as already mentioned, the tendency of the cutter is to fling 
the component off the machine, so that the small fixing holes 
previously drilled round the edge of the component are made 
use of to assist in holding. At a will be seen a mild steel 
pillar surmounted by a small* stud, enabling the component 
to rest on the pillar, and the stud entering one of the drilled 
holes locates the piece previous to clamping. 

As the piece calls for machining on its face, the question of 
clamping becomes difficult, seeing that it is only J* thick 
and of aluminium. This difl&culty is overcome in the manner 
indicated, provided that too much strain is not put on the nut h. 

Describing the fixture it consists of a cast-iron base a 
provided with four steel pillars as at B and two pads c into 
which fits slide j. To hold the component down the nut h 
operates the sliding wedge j seen better in the sectional 
elevation. 

The component is dropped on to the fixture and the knob 
L passes through the hole K in the wedge, after which the nut 
H is turned, causing the wedge to be drawn forward, drawing 
the narrow slot m of the wedge under the knob l thus pre- 
venting the component from being lifted out. As this may 
not necessarily lock the component firmly, the under side of 
the slot in the wedge is tapered slightly as at p, so that as the 
wedge is drawn across, it jambs or draws the knob l down- 
wards, the latter being thus firmly held. 

To prevent undue leverage being applied to h it should be 
made with a small head knurled, or a larger head left plain. 
If tommy pins are fitted to it they should be left very short. 
In cases like this holes for tommy bars or flats for spanners 
should never be called for, for there is nothing to prevent 
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the operator of little intelligence from inserting a bar of extreme 
length, or as is sometimes done, adding a length of steel tub©, 
thus increasing the leverage and either breaking the fixture 
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or spoiling the work ; in a few words, every endeavour should 

be made to render the fixture foolproof. 

Fig. '30 shows a milling fixture for a component calling 
for machjning in two planes — this illustration could also 
represent the end view of a " String " fixture, dealt with later. 
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Unless a machine of the duplex type indicated at e. Fig. 26, 
is available, or a milling machine of very heavy pattern, it 
will be necessary to finish the operations separately, which 
is not to be recommended. 

The component is located in the fixture by means of the 
vee block a and the studs B and c. By locating under the 
flanges at b and c their correct thickness is assured, and by 
carrying out the operation on a duplex type of machine the 
two flanges will be machined at right angles. The clamp d is 
of the pattern shown in Fig. 14, c. The setting spots are 
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located at e and f and require a " feeler " of 'Ol' to ensure 
the cutter being in the correct relation. 

The tenon H is fitted with screws, making it possible to 
change to another size should it be necessary to transfer the 
fixture to another type of machine. 

"String" Fixtures. — As the] name suggests, this type 
occupies a considerable length of machine table and holds 
a number of components in a line. Unless the machine is 
provided with a tripping mechanism enabling the table to 
pass rapidly the blank spaces between the components, care 
must be exercised in arranging them so as to reduce this 
space to a minimum. 

Needless to mention, that unless the operators are instructed 
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to handle any fixture to the best advantage, the efforts of 
the jig and tool department will be wasted. 

Fig. 31 is a fixture of this type, the components being bronze 
eccentric straps for small pumps and the operation to mill 
each side of the lug. Advantage is taken of the shape of this 
piece to arrange a double row, employing two pairs of straddle 
milling cutters. The important point in the milling of the 
lug is the accuracy of its thickness, the depth not being so 
important. This being so and the component having had its 
large hole bored, it is located by this on two plugs a and an 
extra support is given by the pegs b. 

To facilitate loading and unloading the head of the bolt 




c and the clamp nut t> are made smaller than the bore of the 
component, enabling the latter to be removed without having 
to take off the nut. To operate then, the components are 
slipped on each end of the bolt, the U washers are placed 
behind them and on tightening up the nut d the bolt c is 
drawn up, locking the pieces in position. 

To prevent the bolt turning round when moving the nut, 
the former has a slot milled along it, and the grub screw H with 
the pin at its extremity is adjusted to allow the' bolt to slide 
yet not revolve. The tenon j ensures the fixture being set at 
right angles to the machine spindle. 

The body of the fixture is of cast iron and broadened at its 
base to give rigidity. The pegs b are made from drill rod 
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hardened and tempered, the locating plugs a are of carbon steel 
left hard. The bolt c, nut d and screw h are turned from 
case-hardening steel, and after hardening the bolt is ground. 

It is good practice when laying out some classes of fixtures, 
if not all, to indicate the milUng cutters required ; this tends 
to prevent anyone in the machine shops using unsuitable 
cutters and so not getting full productive value from the 
fixture. Another useful design is shown at Fig. 32, where 
cast-iron bearing caps for petrol engines are being rough milled 
before boring. The bolt holes are drilled previous to this 
operation and these holes are used for purposes of location. 

Though four holes are drilled in each piece, only two are 
used, these being at opposite diagonal corners. 

The method of clamping on this fixture is interesting, being 
effected by the two jaws a operated by the nut b on bolt c. 
The latter passes through the body of the fixture and the 
nearest jaw into the further jaw, the hole in which is ab9ut 
^* larger than the diameter of the bolt. 

A small pin d passes through the bolt and jaw, thus providing 
a pivot. The bolt should be arranged as near as possible 
to the object being machined. 

To prevent the jaws from swinging out of position they 
are pro\ided with a hole into which fits the guide pin at e, 
the hole being about J^ larger than the pin. The pins also 
have a shoulder upon which bears the jaw. As the outside 
of the components are in a rough state, the upper ends of the 
jaws are serrated or roughened to make their grip more 
effective. 

As with the previous fixtui e, the locking bolt is slotted and 
kept from rotating by means of the screw F. The base or body 
of this fixture is of cast iron, the jaws of mild steel case har- 
dened, and pegs h are of carbon steel hardened and tempered, 
and the bolt, nut, and studs e are of case-hardening steel. 
Fig. 33 shows another string fixture in operation milling the 
stub axles of automobiles. The rigidity of , this fixture will at 
once be noticed, and this is particularly necessary in this case, 
for the components are forged from steel of 30-ton tensile 
strength and the whole width of the gap is being machined 
in one cut. The cutter is of the interlocking pattern, that is, 
it is made in two pieces which are located side by side, the 
teeth being so cut as to overlap or interlock, enabling the 
two halves to be separated shghtly when the width of the gap 
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gets small due to the wear of the cutter or reshaipening, and 
this without leaving a gap where the halves part. The zig- 
zag or " staggered " parting line can be seen in the illustration. 
The previous operations oa the components was to turn 
the stem seen at a and drill the holes at B ; these are there- 
fore used for locating purposes. The gripping and location of 
these pieces is effected as follows. The stem of the component, 
which is turned at a slight angle to the base of the slot, visible 
at F, is passed through the slot in an adjustable wedge h, and 



the hardened steel plugs D are pushed into the holes B, thus 
locating the forging square. 

To lock it the bolts E are turned clockwise, thus forcing up 
the wedge H and jambing the component firmly. 

The plugs D are an accurate fit in steel liners forced into 
the main casting, the liners preventing wear. 

An advantage would have been to have replaced the hexagon 
headed bolts E by another form not requiring the use of a 
spanner, though when the use of the latter is unavoidable, those 
of the tube or " box " pattern will be found most convenient. 
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The three fixtures just described could be easily dupHcated 
and used on a machine of the t3rpe indicated at l. Fig. 27. 

Continuous Milling. — It is impossible to carry out con- 
tinuous milling on a horizontal machine, but with a vertical 
spindle machine and a fixture located on a revolving table, 
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it is quite simple. Generally speaking the output by this 
method is regulated by the operator's abiUty to unload, clean, 
and reload the fixture while slowly revolving, and except for 
the sharpening or adjusting of cutters there need not or should 
not be an unproductive moment. A portion of a circular 
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fixture is shown in Fig. 34, where the small levers indicated 
are to be machined on one face of the larger boss. It will be 
seen that the components are arranged radially round the 
fixture as close as possible together, each pair being held by 
one clamp, the latter being a U washer held by a nut. 

A hole previously drilled in the centre of the boss of the 
levers makes a suitable locating point, for which purpose 
the shouldered pins a are arranged round the fixture. The 
opposite ends of the pieces are kept in position by the pegs B. 

The setting spot is placed at d, and it is not unusual to add 
one or two of these equally spaced round the fixture for the 
convenience of €he setter. The steel peg e in the centre of 
the fixture is a push fit in the hole found in the centre of the 
revolving table, and is to ensure the fixture being located 
central thereon. 

The body of the latter is of cast iron, the various pins of 
carbon steel hardened and tempered, while the washers, etc., 
are of mild steel case hardened. 

A fixture of this pattern could be employed, if necessary, 
on a horizontal machine, and while it could not revolve con- 
tinuously, a portion of one-half could be loaded and passed 
under the cutter, during which time the opposite portion of 
the fixture could be loaded. When the first loading has been 
milled, the table is run back and the fixture rotated through 
180 degrees, bringing the next batch into position in front of 
the cutters. The cut is then started while the last batch is 
unloaded, etc. 

Indexing Milling Fixtures.— In many caises it is neces- 
sary to repeat an operation on another portion of the same 
component, in which case the fixture is provided with a 
mechanism to ensure the relation between the two machinings 
being kept uniform. Fig. 35 is an illustration of such a 
fixture, where the component, an hexagonal iron casting, 
requires machining on six sides, having previously been bored 
and faced. The operation is performed on a duplex machine 
so that only three indexings are necessary. 

To locate the casting an expanding mandrel is introduced, 
consisting of three segments a held together by means of the 
steel spring ring b. They rest on a cone piece c and on 
screwing down the nut d the upper cone e descends, thus 
forcing out the segments. To assist in arranging the faces 
of the component square in the first instance, the vee piece 

6 
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F is released, which engages the corner of the casting while 
the expansion takes place. 

This vee is held when rotating the component, by means 
of the peg H which, when drawn back, and given a half -turn, 
catches on the boss at j. 

The lower cone c is provided with a wide base which acts 
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as a platform, and the component being clamped thereon 
revolves with it. The outer edge of this platform has three 
slots K milled 120 degrees apart into which drops the lever l. 
the latter being retained there by the spring plunger m. The 
three studs p are provided to form a seating for the com- 
ponent. The base of the fixture is of cast iron ; the remaining 
parts, except springs, are of case-hardening steel. 



CHAPTER VI 

CHUCKS AND TURNING EQUIPMENT 

Mandrels — Expanding Mandrels— Special Purpose Expanding Man<lrel — 
Spring Collets— Thread Chucks— Tnniing Fixtures— I ndeiing Fix- 
tures—Cross Slide Tool Holders — Circular and Dovetail Form Tool 
Holders— End Working Tool Holders— Plain Holders— Bushes for 
Holders — " Floating " Holders — Tap Holders and Die Adapters — 
Turning Tools — Cutter for Box Tool — Flat Form Tools — Circular 
and Dovetail Form Tools — Shaving Tools. 

While the tendency is always i 

cheap production, which mea 

machinery and methods, the centre lathe in various improved 

forms is still with us, there being some classes of work that 



can only be successfully carried out on this machine. This 
being so, the favourite method of handhng work on the lathe 
will be mentioned first. 

Mandrels. — Though the manipulation of mandrels is at 
least the work of semi-skilled operators, their construction 
should be as simple as possible. Fig. 36 shows a mandrel 
for use on a " Fay " automatic lathe, the components being 
shown shaped in position, consisting of steel ring bevel 
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gears, the operation being to machine the rim and face 
indicated, the former by means of a dovetail form tool 
(see Fig. 60) and the latter using ordinary turning tools. 

The gears were about 6'^ diameter, so that the rather 
large mandrel was made in several pieces, the parts A, B 
and c being steel forgings. 

The operation being fixed for this particular lathe, which 
is arranged for multiple turning, two componepts were 
machined at once, and for this reason the correct relation 
of these must be maintained on the mandrel. 

The mandrel would be best made of case-hardening steel, 
hardened and then ground. 

Where the casting is long in proportion to its diameter 
and it is to be turned from its cored bore, a cheap form of 
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centring mandrel .can be made as shown in Fig. 37, the 
component in this case being an automobile axle sleeve, 
where the rough-cored hole must be reasonably true with 
the outside diameter. 

The coned boss A is integral with the shaft, which is 
provided with a taper to fit the nose of the machine. 

The coned piece b has the same angle as A, i.e. 60 degrees, 
but is free to slide on the mandrel. 

To help to overcome the difficulties caused by any irregu- 
larities of the ends of the bore, the two cones are relieved, 
leaving three points to engage the casting. By having at 
least one of the cones capable of revolving assists greatly in 
getting the component to run concentric. 

For automobile work a large quantity of gears have to 
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be turned which have a. splined hole of the form shown at 
A, Fig, 38. These are broached out, and so form a reliable 
point to work from, yet care must be exercised. 

Fig. 38, end view, shows a section of the splined mandrel 
with gear in position, and it will be noticed at A that the 
top of the spline of the gear seats on the bottom of the mandrel 
spline. This is purposely exaggerated in the drawing, and 
as this is the condition under which the gears work when 
finished, the final result should be quite satisfactory. 

In all cases the chucking method adopted should be as 
near as possible to the final working position of the com- 
ponent. The designer must see that the size of the spline 
on this turning mandrel takes this point into consideration, 



that is. the gear blank, when on the mandrel for turning, 
must also have its spline top resting on the bottom of that 
of the mandrel. 

It might be considered possible to have a good round 
mandrel without the spline, but apart from assisting as a 
positive drive when turning, the final concentricity of the 
gear is almost assured by using the splines, for the reason 
already mentioned. 

With the mandrel shown, the tapered part d is arranged 
with a draw-bolt e, making it possible to attach any other 
mandrel. The pad / ia of hardened steel, to take any wear 
which would cause the component blanks to run eccentrically. 

The mandrel shown in Fig. 39 is really intended for 
grinding the outside diameter of pb ton -rings, which are 
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indicated in jiosition, the rings having been previously split ; 
but the principle of the mandrel may be adapted for turned 
work when necessary. 

The method of using this tool is as follows : The rings, in 
clean condition, are placed together in the sleeve A, a little 
pressure being needed as the slots must be compressed to 
get them in. The sleeve thus filled is slipped on to the 
mandrel proper B, after which the washer c is put on the 
opposite end. When the nut d is tightened up, it will be 
seen that the rings are effectivelj' clamped between the rims 
X and Y, the sleeve A being then removed. 

The sleeve a should have a very long bearing surface, and 
be a sliding fit without any slackness on the mandrel B, 
otherwise the rings would not be loaded concentrically. 



The washer c also must fit the mandrel accurately and 
have its outside diameter as large as possible, yet allow for 
the amount of metal to be removed from the rings. 

Expanding Mandrels.— The use of expanding mandrels 
finds great favour among designers, especially where the work 
is second operation or rechucking work, that is, where a 
previous operation afiords a machined surface of sufficient 
accuracy to locate from. 

They are not, however, suitable for very heavy turning, 
that is, where the metal to be removed is excessive or the 
diameter is very large in proportion to the width of the 
article, because the absence of a positive drive will allow 
the component to turn round on the mandrel and become 
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loose when the tools commence to cut. Fig. 40 shows one 
fonn that has proved quite successful, consisting of a hood 
or nose-piece A made of mild steel, carbonized and hardened, 
which fits the screwed nose of a capstan lathe. 

The steel segments b, three in number and of a diameter 
lo suit the component x being machined — in this case a 
piece of switch-gear — are made of hardened steel to prevent 
wear, and slide up the coned portion of a when actuated 
by the coned bolt c. The latter is moved either by a rod 
passing through the machine spindle and operated by a 
hand-wheel, or else the usual clutch toggles fitted to the 
machine are adapted to give the necessary pulling motion. 

To retain the segments on the cones, they are provided 
with a groove, into which fits a round steel spring which. 



while holding the segments in position, allows them to expand 
when necessary. 

To assist the component to adjust itself squarely on the 
mandrel, and also to give a positive seating from which to 
work, three hardened steel studa d are fitted equidistant 
at a suitable diameter, the component being held firmly up 
against them with one hand while operating the lever with 
the other. The angle of the cones should not be too great, 
about 30 degrees being considered suitable. 

The nose-piece A can be made of cast-iron where the 
diameter is, say, over 6', hut the coned portion must be fitted 
separately, and be made of hardened steel. 

Another form of expanding mandrel utilizing the ordinary 
or "push-out" motion of the capstan is given in Fig. 41. 
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It will be observed that the expanding portion and tlie 
nose-piece are combined, the expansion being effected by 
means of a plunger a, which is forced into the coned nose. 
It is noticeable also that the nose does not expand parallel 
as in Fig. 40, but pivots at x and y, causing the front to be 
of larger diameter than the back, indicated by the lines a. b. 

If the bore of the component is fairly accurate, this will 
not be sufficient to cause trouble, but if the bores are varying 
the component will only be held on the edge, thus reducing 
the grip, and the piece will work loose directly the tool 
touches it. _If the component can be provided with a hole 
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through its face and the nose-piece drilled for a steel peg a 
positive drive can be obtained. 

The writer remembers the case of a soft brass tube, J' long, 
\Y bore, and about ■^' thick, which had to be threaded 
on the outside about 26 per inch. In so doing about 70 per 
cent, were pulled off the mandrel when the die reversed and 
had to be chipped out of the die with a chisel, and others 
twisted on the mandrel after a few threads had been cut, 
using a self-opening die, 'the rings appearing to expand with 
the mandrel and so would not be gripped. The trouble was 
removed in a very simple way. Permission was obtained 
to make a rather heavy centre punch-mark on the outside 
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o( the rings which would not interfere with their final use, 
and when putting the rings on the mandrel the " pimple " 
on the inside of the rings caused by the centre punch-mark 
only allowed the rings to go on by letting the " pimple " set 
in one of the slots of the mandrel, and when the latter was 
expanded it provided a very successful positive drive, with 
the result that the rings were threaded quite easily. 

Special Purpose Expanding Mandrel. — It has already 
been mentioned that components with cored holes present 
difficulties where expanding mandrels are concerned, and 
under such circumstances if possible they should be avoided ; 
but in some cases it is essential that this method of holding 



should be adopted, therefore a special mandrel must be 
designed. Fig. 42 is an instance of this, being a mandrel 
designed for holding cast-iron pistons while they are being 

With this component it is essential that the outside be 
reasonably concentric with the bore, which is rough as cast, 
therefore some form of gripping device that will work from 
the inside walls is necessary. The thick part of the com- 
ponent at B, where the grooves will come, are inconveniently 
placed for locating purposes, as they are some distance apart, 
so that the ordinary methods of cone expansion will not 

An examination of Fig, 42, however, will show how this 
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is overcome, a is the main body screwed internally to suit 
the nose of the machines ; the nose portion of the body has 
six holes drilled radially and equidistant round its circum- 
ference, through which protrude the gripping pegs c and Ci, 
two only being shown to avoid confusion. 

The front pegs Ci are expanded by the drawing back of 
the coned bolt d, which is effected by means of the rod e 
and wheel f, on turning the latter the bolt being drawn back. 
The pegs c are by the same movement forced out by the 
cone H, which is connected to the sleeve k. 

Therefore by turning wheel f cone h is pushed forward 
and that at d drawn in till the pegs grip the casting. The 
boss M is fixed in the rear end of the spindle to support and 
centralize the sleeve and rod e and k. 

To prevent either of the latter from turning round when 
operating the mechanism and yet allow end motion, the 
sleeve k is fitted with a retaining pin n and the rod E with 
a pin at p. 

To assist the six pegs c and Cj to return when the wheel f 
is released, they are each provided with a spring, shown only 
in the detail drawing at Bi, which is just sufficient to cause 
them to return far enough to clear the component as it is 
drawn off. 

The piston butts up against the three small projections R 
at the end of the nose a, thus ensuring that the piston tops 
are of uniform thickness. 

There is another type of mandrel where the pegs are 
replaced by two segments expanding on the double-cone 
principle as here described ; but should the inside of the 
castings vary in form or be very irregular, loading and 
unloading is very difficult. 

To add strength to the rather weak nose part of A, the 
radius at their junction should be made as large as possible, 
also the diameter of the nose should be made as full as 
possible — only the radius of the pegs need show above it. 

Spring Collets.— These are employed in a variety of 
machines, and vary from the simple form shown in Fig. 19 
to the more elaborate ones fitted with adapter pads as used 
on automatics. The most common type seen on capstan 
lathes are too well known to need any description here, but 
as special ones are often called for one is given in Fig. 43. 
This is described as an extra capacity collet, because it will 
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hold a diameter larger than the capacity of the machine, 
i.e. the size of the spindle bore. 

Examining Fig. 43, it is seen to consist of a nose-piece a, 
made of mild steel, case hardened and ground on the coned 
portion a, and threaded at the opposite end to suit the 
particular machine. The collet b is usually of carbon steel 
and hardened, the rear portion being finally tempered to give 
the necessary spring. 

Mild steel case hardened has given fairly good results, but 
it does not retain the springiness necessary for free working. 
As these collets are very expensive to produce, the draughts- 
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man must watch carefully the design, for a large number are 
spoilt in the hardening and in use, due to very thin section 
and also allowing sharp corners to exist. 

The shell must be of as even thickness as possible, any 
sharp comers must be avoided, and if a square corner is 
unavoidable the danger should be minimized by putting 
in a small radius as at h. The small radius at c is to enable 
the grinding wheel to work right up to the back of the collet 
when grinding the stem d, and the latter must also be a good 
sliding* fit in the machine spindle. The slots e, which give 
the necessary spring, in this case are four in number, equally 
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spaced round the collet, and extending to the rear face of the 
collet, and, as already mentioned, to avoid the chance of the 
collet breaking at their termination a hole is drilled for them 
to open into. 

To ensure the true running of a chucking mechanism of this 
type, where it can be done, the draughtsman should call for 
the principal diameters to be ground when in position on 
the machine. 

That is to say, after the nose has been threaded and 
hardened it should be screwed in position on the machine 
it is intended to be used, and by means of a portable emery- 
grinder the cone a should be ground perfectly concentric, 
because it is upon this part that the collet depends to assist 
it setting true. When the collet has been ground on the 
parts h and d it can be fitted to the nose-piece by whatever 
" drawback " mechanism is to be employed and thediameter x 
ground, thus securing perfect concentricity. 

When making the collets, to prevent them closing in or 
opening out, which generally happens when heated and 
quenched for hardening purposes, the slots are not^ allowed 
to break completely through the front face of the collet, 
but a thin section, about Y* o^ metal is left, which retains 
the shape of the collet while being hardened and ground, 
the small piece of metal being finally removed by means of 
a thin elastic emery-wheel. 

One difficulty with this type of chuck is that a slight 
variation in the diameter of the component will not allow 
the collet to draw back so far in its seating, and where the 
operation on the piece may be turning or grinding to a 
certain length or thickness this variation in diameter will 
cause a variation in thickness also. 

One way of overcoming this trouble is to insert steel pegs 
into the holes placed as at K, which can either protrude 
through the slots in the collet or through holes specially 
drilled therein, and so form a positive seating for the com- 
ponent. 

It might also be mentioned that in the hole k, or upon 
the pegs that may be used, can be placed an helical spring, 
which will assist the collet if it is inclined to stick when 
released. 

Thread Chucks. — With some components that have 
passed through one or more operations, one of which is 
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threading, it may be necessary to perform further operations 
which must be perfectly concentric with the threaded 

In this case it is clear that unless the operations can be 
arranged so as to combine the threading with this later 
operation, the threaded portion must be made use of for 
purposes of gripping. Though this practice is not generally 
recommended, it is sometimes unavoidable, and if carried 



out carefully no trouble should result. Figs. 44 and 45 show 
two designs for holding froml a previously screwed part, the 
former making use of the drawback mechanism of the capstans 
and the latter the " push-out." 

Taking Fig. 44 first, a is a hardened steel nose fitted to 
the machine, into which slides the plunger b, the latter 
being threaded to take the component. To operate this, 
the component c is screwed into the pad while the chuck 
lever of the machine is released until the component butts 
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against the face of the nose a. Upon closing the chuck lever 
the pad is drawn back, thus effectively locking the component 
in position. 

To renaove it, the operations mentioned are reversed. 

Fig. 45 works on similar principles, except that the pad c 
is thrust against the component, giving a seating which helps 
to take up some of the cutting thrust. 

The latter, however, though simpler to arrange, should 
be avoided, as the thrusting of the component away from 
its seating is bad practice. In both cases it will be seen 
that if the component was screwed into a plain nose without 
any pads, when the cutting tools in the machining operation 
had finished great difficulty would be experienced in releasing 
the component, due to the tightening effect of the tools. 

In both cases, however, the fit of the component into the 
nose or pad must be good, otherwise in the jambing action 
when locking the threads will get distorted ; also the adjust- 
ment of the clutch on the machine must not be too heavy. 

It will be noticed that both Figs. 44 and 45 can be also 
arranged to take components having female threaded parts. 

Turning Fixtures. — The numerous awkward-shaped pieces 
that exist and call for turning operations necessitate the 
design of special holding device^ to save time, and also to 
obviate the necessity of employing a fully skilled man, which 
otherwise would be necessary. To give a survey of the 
huge variety of such fixtures would require a separate 
volume ; but to give some idea what is meant by a turning 
fixture Fig. 46 is shown, where the piece, a steel forging, is 
indicated in position, and the extreme awkwardness of it 
will be noted. 

This fixture was designed for a capstan lathe, the body a 
being screwed to fit machine nose. The boss of this com- 
ponent was previously milled on both sides and a hole drilled 
through, providing a good locating point by seating on the 
stud B, and being finally locked thereon by means of the 
swing clamp c, which holds the plunger d into the other 
side of the boss. 

To centralize the round stem of the component e some 
form of self-centring clamp is necessary, and this is secured 
by introducing two vee-pieces f, f fixed to the slides G, G, which 
are actuated by the screw h, the latter being provided with 
a left- and right-handed thread. Thus, on turning the knob j, 
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the two slides are drawn together, thereby centralizing the 

The clamp c, swinging on its stud k, not only partly holds 
the component, but also acts as a binding unit on the neces- 
sarily peculiar-shaped chuck, the clamp screw and the mass 
of metal about it further acting as a counter-weight to the 
other half of the chuck casting. 

Indexing Fixtures. — With components having a number 
of holes in the same plane the question arises as to whether 
they should be finished on a boring machine, drilling machine, 
or capstan lathe. Where the piece is exceptionally heavy 



and of large dimensions, the boring machine will be best ; 
if of rather small size, a good drilling jig will get over the 
difficulty. 

For work of medium, size and weight, especially where the 
bores in question call for the use of several tools, such as 
boring, recessing, threading, etc., the capstan lathe un- 
doubtedly is best. An interesting example of one of this 
class of fixtures is shown in Fig. 47, where an aero engine 
crank case is being machined. 

The cast-iron body a is screwed to the machine nose in 
the usual way, the mass of metal at the top part being added 
to balance the fixture when running. The crank case is located 
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on a platform b, being held by three plain clamps locked 
by means of a box spanner, the platform being provided 
with nine index holes, that is, one for each hole being bored. 



The form of index plunger is rather important, the pattern 
shown in Fig. 22 being very satisfactory. 

The tapered form of pin finds its location easier and- auto- 
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inatically adjusts itself to the hole, thus preventing any 
slackness and consequent rocking of the work being operated 
on. With fixtures that revolve, care should be exercised 
to see that any plungers, clamps, etc., are not so arranged 
that the centrifugal force will tend to loosen them, which, 
of course, would be very dangerous; 

Nevertheless, the value of the fixture niay be lost if the 
indexing and locking mechanism are too complicated. 

The one illustrated was responsible for reducing the time 
per piece from 14 J hours to 4, the operation being to rough 
bore, finish bore, face and screw nine holes to a limit of -001*. 

Another form of indexing fixture allows of a lateral move- 
ment instead of revolving, an instance being the boring of 
a twin-cylinder motor casting, or the two bores of a water- 
meter, the slide carrying the work in this case being operated 
by a rack and pinion, and indexed for each hole by a plunger 
as usual, means also being provided to lock the slide before 
the fixture is allowed to revolve. 

Cross Slide Tool Holders. — ^The designing of tool posts 
for holding ordinary turning tools of the flat type does not 
often become necessary, they being generally supplied with 
the machine. As, however, those in general use vary greatly 
in their degree of usefulness, a few remarks may be of value. 

The first essential is that, having set the tool accurately, 
it should remain so under ordinary conditions. It should 
also be easily clamped and provided with some form of fine 
adjustment. 

A comparison of the two types shown in Fig. 48 is inter- 
esting. 

Taking a first, the tool d passes through the column c and 
rests across the top nut a, which screws into the lower nut b, 
these nuts making it possible to adjust the tool up and 
down. 

It will be seen, however, that there exists a weak point, 
because the tool is being held by one screw only, which 
allows the tool to pivot when under cutting strain, and 
further, instead of having a solid foundation, this clamping 
screw is directly over the hole through which the stem c 
passes, with the result that if the tool happens to be some- 
what soft in the shank or of thinner section than is general 
for that post, on tightening the screw e the tool will tend 
to bend to the line xy, shown exaggerated. 

7 
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It will also be seen in the view c that it is impossible to 
set the tool near to the machine nose without excessive 
overhang, whereas with the other post, shown in position, 
the tool can be arranged both near the nose and with very 
Uttle overhang. The post shown at b is an exceedingly 
good design, the body h with base broader than its top 
gives rigidity, and the tool is also held by two screws ee, 
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and therefore cannot swivel. Adjustment is secured by 
means of a screw h engaging the wedge a, a movement of 
the former raising or lowering the tool d, a further advantage 
being that as the tool lays flush with the side of the tool- 
post it can be brought within ^j* of the spindle nose, as 
shown in the view c. 

Circular and Dovetail Form Tool Holders. — ^To hold 
these types of tools special holders are required, for unless 
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they are correctly held considerable trouble will result. 
Not only must they be held well, but a means of fine adjust- 
ment is essential, especially vdth circular tools (see Fig. 69). 

There are numerous patterns of these holders, but a very 
useful pair are shown in Fig. 49. Taking the circular tool 
holder first, it consists of a cast-iron bracket A provided 
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CIRCULAR AND DOVETAIL FORM TOOL HOLDERS. 



with slots B for holding-down purposes, and a tenon c to 
fit the slot in the machine cross-sUde, thus ensuring the 
bracket setting at right angles to the machine spindle. 

The bolt D also passes through the bracket, and to enable 
the tool to be used close up to the machine nose the bolt- 
head is sunk into the tool ; the bolt is also keyed as at f, 
so as to prevent it turning round when tightening up. 
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Fine adjustment is secured by means of the plate H and 
nuts J, J. On examining the detail drawing of the plate h, 
it will be seen that one side is perfectly flat, while the other 
is provided with a serration. 

At the tail of the plate is a boss, through which is drilled 
a hole that clears stem p, and the boss is arranged between 
two nuts J, J thereon. The form tool itself being provided 
with similar serrations to those on the plate, is assembled 
with the latter, so that the two serrated faces meeting form 
a secure lock. 

To make a fine adjustment it is only necessary to loosen 
the binding nut r and then raise or lower the plate h by 
means of the two nuts j, j. 

In some cases the serrations are replaced by equally 
spaced holes in the plate, and a peg fixed in the side of the 
tool, but the former method is best. The fine adjustment 
is also secured by replacing the stem p and nuts J, J by a 
lever and nut, the latter being provided with a cam, a move- 
ment of which raises or lowers the lever. In making Fig. 49 
care must be taken that the plate H is ground perfectly flat, 
otherwise the tool will not set square with the spindle. 

The height x is less with tool brackets designed for the 
rear side of the cross slide by twice the amount the tool- 
cutting edge is cut below centre (see Fig. 69). 

The holder for dovetail form tools can be made either of 
mild steel or of cast iron. The angle a is made 10 degrees 
or whatever angle is adopted in the particular works. 

It will be seen that the body is slotted, thus enabling the 
tool h to be gripped by tightening the bolts d, and to prevent 
the latter turning the body is cut away at c to engage the 
bolt head. A good method of obtaining fine adjustment 
has yet to be devised ; but the mechanic sometimes overcomes 
this by putting a short bolt fitted with a nut under the tool, 
so that by unscrewing the nut the tool is forced up. This 
also acts as a positive stop should the tool have a tendency 
to work down, due to it taking an excessive cut or perhaps 
the fit of the dovetail being bad. 

The dovetail should, of course, be to a standard form. 

End- Working Tool Holders. — Holders for end-working 
tools, that is drills, taps, counter-bores, etc., are generally 
purchased from the machine tool builders, but, in the writer's 
opinion, it is cheaper to make even a small quantity if the 
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points really calling for attention are watched and the non- 
essentials neglected. 

Plain Holders. — ^The simplest possible type of holder is 
shown in Fig. 60, and is quite satisfactory provided it is 
kept in good condition. The body A is made of case-hardening 
steel, and is ground on the stem and in the bore as indicated ; 
to add a fine finish anywhere else is a waste of time. The 
stop-screw b, though generally omitted, is of great value, 
preventing any possibility of the tool pushing back, and 
when short ends of tools are being used up a piece of steel 
of suitable length can be inserted to fill up the space. 

A small point, though very important, is the end of the 
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Fig. 60. — plain end-working tool holder. 

Fig. 51. — COLLET type end-working tool holder. 



screw D, which should have about two of its end threads 
removed and be hardened, to prevent it spreading or flattening 
due to continual tightening up. 

The front bore must be ground perfectly concentric with 
the stem. 

The collet type (Fig. 61) is a favourite for drills of small 
size from ^* downwards, but with this method of gripping 
the stop-screw b should not be forgotten. 

The body of the holder should be hardened, and both this 
and the coned mouth ground, making them both concentric 
and well finished. The cap a is of the same material as the 
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body, and, as it is subject to hard wear, should also be 
hardened. 

The collet Bx should be made as long as possible, so as 
to give a good bearing surface and a better grip. The practice 
of splitting it into separate segments should be avoided, 
but if the reader has ever attempted to find a small part 
of a tool among the oil and " swarf " in the machine bed 
this warning will not be necessary. 

Bushes for Holders. — ^These unimportant-looking pieces 
go a long way towards making a successful holder and are 
worth a little consideration. The one shown at a. Fig. 52, 
is spUt through one side and partly through the other, and 
the bottom of the slot is in the form of a radius to prevent 
the bush breaking. 

The one at b has two splits, one opposite the other, both 
commencing at opposite ends and finishing a short distance 
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BUSHES. 



from the other end. With very large bushes a number of 
slots are introduced in a similar manner. 

The bush c is, in the writer's opinion, the Dest, having a 
hole drilled half-way through clearance size for the holder 
screw, which grips positively on the tool itself, a small fiat 
being ground thereon to assist this. The flange on the bush 
is also of assistance when it is being removed from the 
holder, a point much appreciated by tool setters. 

Where the holder screw binds direct on to the bush, the 
latter should always be provided with a flat, otherwise the 
burrs thrown up by the continual tightening of the screw 
will make it impossible to remove the bush when necessary. 

Floating Holders. — ^The object of this type of holder 
is to provide a means of allowing the tool to avoid an error 
due to the non-alignment of the machine spindle with the 
turret tool holder or turret itself. 

The weak point with some forms of " floating " holders 
is that the movement or " float " is not parallel to the centre 
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line of the machine. A glance at Fig. 53 will make this 
clear, where Aj represents a piece of work with a hole to be 
reamed and the reamer is shown out of line, b^ shows the 
wrong method of *' floating " the reamer to bring it in line, 
where it will be seen that the end of the tool only has been 
moved. Ci is the correct movement where the entire length 
of the reamer has been moved parallel to the centre line of 
the machine. 

The result of reaming with the tool out of line or with 
the *' float " incorrect is indicated at Dj, the hole being tapered 
or commonly called " bell-mouthed." 

A very useful and simple pattern holder which fulfils 
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the necessary condition is given in Fig. 53. It consists of 
two niain parts, the shank A and the nose b, the latter being 
held against the former by the two screws c, d, which are 
provided with a coned portion. 

It will be seen that the nose can either be locked firmly 
against the body part A or given " float " according to how 
far the coned screws are released, in which case the '* float *' 
will be seen to be quite parallel. To prevent the screws 
working loose they are locked by means of a small screw h 
bedding on the brass pad j. 
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Tap Holders and Die Adapters. — There still exists 
much room for a good and simple design of releasing tap 
holder. Many are on the market which are both expensive 
and elaborate, and it is thought that the same results could 
bei obtained with much simpler equipment. 

Two are shown in Figs. 54 and 55, the former being a very 
old pattern and the latter a much simpler and more useful 
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Figs. 64 and 56. — tap holders. 
Fig. 66. — die adapter. 



type. The chief faults with that at Fig. 54 are that the 
wear is excessive, the pins a and b, also the end of the catch c, 
quickly wearing or breaking. ThQ jarring that takes place 
when the pins disengage and when c engages is objectionable, 
especially with fine threads. Also, when using a tap of large 
diameter it is necessary to grip the sleeve d very tightly, 
and it will often happen that by so doing the sleeve closes 
slightly, gripping the stem e with disastrous results. 
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With the holder shown at Fig. 65 absence of vibration 
and accessibility to the parts that wear are its strong points. 

In the position shown, the nose is out to its fullest 
extremity, and on reversing its direction of rotation the 
two pegs B, c will engage quite smoothly, c being provided 
with a spring to take the thrust. To retain, the nose h on the 
shank d a race K is ground and a steel ball put in. 

Peg B is fixed in its correct position, and c is provided 
with a fiat which enables screw e to prevent it turning 
round yet allowing sliding motion. Both pegs have their 
tops shaped like a tooth to assist the release and to favour 
smooth working. The peg c is made as simple as possible, 
consisting of standard drill rod, so that if it wears or breaks 
the tool-setter can replace it in a very few minutes, this 
not being possible with the general design of holder. 

The hole into which the peg b is driven should be con- 
tinued straight through the nose, so that the peg, which is 
driven in, can be removed without much difficulty when 
necessary. 

Die Adapters. — Though holders on the same principles 
as have already been described for taps can be bought or 
made, it is common practice to employ adapters of the 
pattern shown in Fig. 56. These are made of mild steel, 
and case hardened to prevent them getting damaged. The 
shank a, which fits into the bore of a standard tap holder, 
and the recess B, which takes the button die (see Chap. VIII); 
must both be quite concentric, and the shank should be a good 
push fit in the tap holder. 

The recess is also better for the narrow channel removed 
from its corner, which prevents dirt or cuttings lodging 
therein and causing the die to set at an angle. 

Three screws are fitted, the one at c having a coned point 
of about 60 degrees to open the die, and the remaining two, 
D and E, help to both close and hold the die, the latter 
generally having small hollows round its rim for the screws 
to engage in. As the wear on these screws is heavy, they 
should be made of tool steel and properly hardened and 
tempered ; also, if there is sufficient room between the cross 
slide tools, the screws should have thin heads in preference 
to the grub type generally used. 

Turning Tools. — As the question of turning tools as used 
on the centre lathe has been dealt with in so many works 
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already published, it is not proposed to include them here. 
It is, however, worth mentioning that tool designers are 
getting much bolder with regard to cutting angles, especially 
those for use on capstans and automatics. 

Gutters for Box Tools. — A cutter from a box-turning 
holder is illustrated in Fig. 67, which is intended for soft 
steel, aluminium or iron. The top rake is 36 degrees, which 
will enable the cuttings to sheer off with the minimum of 
friction, and the front clearance of 4 degrees is quite sufficient 
otherwise the strength of the cutting angle, which is 61 
degrees, would be jeopardized. 

In designing any tools the steel called for should be of 
standard section, so as to avoid extra machine work neces- 
sitated in reducing a piece perhaps from a large standard 
size to a smaller size which is out of standard. 

To assist the tool setter, it is advisable to indicate on 
the drawing that the base of the tool must be ground flat ; 
this will faciUtate setting, and also the production of accurate 
work. 

Flat Form Tools. — ^This type of tool is only used where 
a small quantity of a component are wanted and where 
accuracy is not of first importance. Their life is short, due to 
the fact that they can only be ground on their top face, 
and • of course the form alters every time this takes place. 
Fig. 58 shows one of these tools, and the clearances will be 
noted are in violent contrast to the tool in Fig. 67. 

In setthng the amount of clearance a compromise must 
be effected between the material being machined, the width 
of the face being formed and the anticipated quantity of 
work to be accomplished. An average front clearance might 
be 4 degrees, and side clearance, which is not always put in, 
about 2 degrees. If the face being formed is wide, the tool 
must be kept as massive as possible, and in any case, while 
lack of clearance will produce friction which will spoil the 
^tool at the point it takes place, excessive clearance will cause 
" chatter " or vibration, and so render the tool almost useless 
because of the badly finished work that results. 

Gircular and Dovetail Form Tools. — To maintain 
accuracy of form and avoid expense caused by the continual 
making of flat form tools, circular tools, i.e. tools of circular 
shape having the desired form on the periphery and with 
a portion cut away to form a cutting edge, are employed. 



CHUCKS AND TURNING EQUIPMENT 



91 



Standard diameters are fixed for these by firms to suit their 
machines, and here again a size should be selected that will 
not necessitate the reduction of a bar of material when 
making. 

For machines like the popular Brown & Sharp Automatic 
the size of the largest diameter of the tool for use thereon 
is determined by the makers, and tables are also supplied 
bv them to assist in the design of the tools. 

The design and production of these tools would be greatly 
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simpli&ed if it was possible to make the cutting face a, Fig, fid, 
on a level with the centre line of the work and the tool ; but 
a glance will show that to do this would provide no clearance 
at B, with the result that rubbing and not cutting would 
take place. To get over this difficulty the cutting edge of 
the circular tool is arranged a certain distance, a, below the 
centre. In so doing, however, another difficulty is intro- 
duced when the tool is stepped to form more than one 
diameter. 
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It will be easily seen that the depth b increases as the 
cutting face a is lowered, so that this must be taken into 
account when designing and producing the form of the tool 
in the first instance. 

For the purpose of calculating the diameter of the tool 
to allow for this, the following formula is given, where — 

R = Largest radius of tool. 
H = Amount cutting edge is below centre. 
D = J difference in diameters of work being turned. 
r = Radius of smallest diameter of tool. 

r =a/(VR2- H2 - D)2 + H2 

To give an example. The diameter of the tool blank is, 
say, 2", to suit the machine and tool holder, the cutting edge 
must be, say, r^" below centre, and the diameters to be 
turned l'^ and f* respectively. 
Then— 

R = I-' 

H = • 1875'' 

D = • 125" 

The smallest diameter of the tool will equal 2r, and inserting 
these values in the formula, we have — 

r = \/(Vl2 - .18752 - -126)2 + -18752 

= V(VT ^ '03516 - '125)8 4- .03516 
= V^3T025- '035L6 

So that r = - 8775*. 

This means that the diameter of the tool is 2 x •8776'' 
= 1'755'', from which it will be seen that the allowance 
necessary to make good the dropping of the cutting edge 
is '006*. 

Side clearance should be also given as indicated in 
e, Fig. 59, though in the writer's opinion side clearance should 
end at h, leaving a flat surface of about -^^ according to 
the heaviness of the work and the degree of finish required, 
it being found that this tends to reduce the scoring of the 
work when the tool is withdrawing. 

The serrations shown at d, Fig. 59, are intended to mesh 
with those on the plate H, Fig. 49, to prevent the tool turning 
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and assist fine adjustment. Some designeis, however, prefer 
a number of equally spaced holes of about J^ diameter, 
the tool being provided with a steel peg to engage therein. 

Dovetail Form Tools. — These take their name from the 
part A, Fig. 60, which enables them to be held firmly in 
holders of the type shown in Fig. 49. The points mentioned 
in regard to circular tools have a bearing on these also, for 
to secure satisfactory cutting action they must be tilted 
at an angle which affects the relation of one diameter being 
turned with another. 

The cutting edge a is longer than the dimension h, which 
is taken at right angles to the tool face, and will vary 
according to whatever angle the tool is inclined. Where 
more than one diameter is to be turned, as with the circular 
tool just dealt with, allowance must be made for this, and 
the depth of the shoulder h is obtained from the formula — 

D = (Z (cosine C) , 

where d = \ difference of diameters to be turned, 
C = Clearance angle of tool, 
D = Depth of shoulder required. 

Giving an example, suppose the diameters to be turned 
are 1-260* and '875* and the clearance angle is 10 degrees. 
Then— 

d = -1875 
C = 10^ 
.*. -1875 X cosine lO*' 
= 1875 X -98481 
= -1847^ 

So that the step h must be machined to a depth of • 1847^ 
to produce a shoulder on the work of •1875'^. 

Shaving Tools. — As the name suggests, these tools are 
designed to remove a very light cut, thus securing extreme 
accuracy and fine finish. This is effected by giving the tool 
a certain amount of " float," and a glance at Fig. 61 will make 
its application quite clear. 

The shank a is held in the machine tool holder, and pivoted 
about the bolt b is the cradle c. 
I The cradle has a fixed seat at D and an adjustable one 

!i at E, the latter being adjusted by the screw G. 

i 
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A dovetailed recess is machined in both seats to take the 
tool and its steady. 

The cradle c is "floated," and steadied by means of the 
screw H and the spring k. 

In the view Fig. 61 the tool is seen shaving to size a 
shoulder, the work being, as it were, sandwiched between 
the tool and the pad, the latter being always a little longer 
than the tool, enabling it to secure a seating before the tool 
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commences to cut. The tool should be provided with about 
2 degrees top rake and 5 degrees front clearance. 

The tool shown in Fig. 61 is arranged for an '* Acme " multi- 
spindle machine, the spindles of which run anti-clockwise ; 
and this point should not be forgotten by the tool designer, 
otherwise expensive losses will be the result. 

Parts A and c, together with the screws, are of mild steel 
case hardened, and the tool and pad are of high-speed steel. 



CHAPTER VII 

CUTTERS 

Roller Milling Cutters — Inserted Tooth Cutters — Relieved Form Cutters — 
Hollow Mills — Running Stops — Cheap Type of Hollow Mill — 
Reamers — Expanding Reamers — ^Special Purpose Reamers — Boring 
Tools and Holders — Boring Cutters of Special Form — ^Flat Bits — 
Counter Bores and Spot-facing Cutters— Countersink Cutters — Spot- 
facing Cutters — ^Trepanning or Spirally Relieved End-Working Tools 
— Broaches. 

As it would be impossible to deal individually with the vast 
number and vahety of tools coming under this heading, those 
that form a basis for the design of others will be dealt with, 
and the word cutter will mean any cutting tool other than 
those already mentioned. 

Roller Milling Gutters. — Standard cutters of this type 
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cannot be made profitably in small quantities by a firm not 
specially laid out for their production, but as sizes out of 
standard and of special form may be called for, their con- 
sideration will be well worth while. Fig. 62 shows one form 
of roller milling cutter, such as is used for heavy work on 
broad surfaces. 

95 
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Assuming that the outside diameter of the cutter, which 
should be as small as possible without making the shell too 
weak, has been fixed, the next point will be to decide upon 
the number of teeth. With facing or " slabbing " work 
where a heavy cut is generally taken and where the escape 
of cuttings from under the cutter is dif&cult, a coarse pitch 
cutter, i.e. one with few teeth, thus leaving plenty of room 
between them, is best. 

While it might be argued that the cutting strains would 
be reduced by dividing the work between a greater number 
of teeth, it should be remembered that the finer the pitch the 
more teeth would be in action at once. The chief objection 
to fine pitch cutters, however, is the lack of room for the escape 
of cuttings, sometimes called clearance or chip capacity, which, 
offering resistance to the cutting action, develops friction. In 
securing the full chip capacity, the strength of the teeth 
must not be sacrificed, a tooth of sufficient strength is obtained 
by allowing about ^j* for land at the cutting edge and then 
making the clearance angle about 86 degrees as shown. Tooth 
spacings that have been found by experience to give satis- 
faction are given in table No. 1. 
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The spiral tooth is preferable to the straight one as the cut- 
ting action is greatly eased by the gradual shearing action due 
to this formation, especially where the material is of a tough 
fibrous nature. As with the majority of questions arising 
in connection with tool design opinions vary considerably, 
but an average angle for a spiral tooth would be from 10 to 
16 degrees, and with cutters of less than 1J* in length the 
teeth are generally left straight. 

With all milling cutters of over }' wide the bore is undercut 
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as shown at a. Fig. 62, the length of the undercut being 
between one J or § of the width of the cutter. This undercut 
facilitates grinding the bore of the cutter when being made 
and in no way interferes with- its strength. 

The table No. 1 gives proportions for roller mills, and it 
might be mentioned that the key slots are not always put in 
for special cutters, its absence allowing the cutter to slip on 
the arbor should any excessive cut or other strain be put 
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upon it, thus preventing the breaking of the teeth. On no 
account should any sharp comers be allowed to occur on a 
cutter, for this will greatly help in the breaking of the cutter 
when working, though it may never get past the hardening 
, process for this reason. With cutters of l^ length the nicks b. 
Fig. 62, known as chip breakers are employed. It will be 
seen that the cutting is broken up by this means, and the 
strains somewhat relieved. These nicks should be of con- 
cave form and of a depth equal to about twice the "land." 

Inserted Tooth Cutters. — Milling cutters of whatever 
type should be kept as small a diameter as possible, because 
apart from the cost of the steel the life of these tools is very 
limited, also there is alwai.ys the risk of the cutter breaking 
in the final hardening process — ^thus making the expense 
heavier. When, therefore, a cutter of large diameter is 
essential, it is well to introduce the inserted tooth type, one of 
which is shown at Fig. 63. The body a is generally of mild 
steel and the bushes b of tool steel. These bushes are pro- 
vided with about 2 degrees taper, thus acting as a wedge 
holding the cutter blades c, which are of high-speed steel, 
in position. * 

The screws d, which hold the bush in its seating, are also 
made of tool steel for strength. 

The holes e into which the bushes fit have a taCper corre- 
sponding to that of the bushes, the latter being provided with 
a flat to effectively grip the cutter blade. 

Table No. 2 shows some proportions for designing satis- 
factory cutters. 

Table No. 2. 
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Another and cheaper method of gripping the blade is to 
drill holes at right angles to the face of the body as shown at 
B, Fig. 63, these holes being tapered to take standard taper 
pins which, having a flat machined on them, are driven home, 
thus securely wedging the blade. ^ 

Relieved Form Cutters.— With cutters relieved or backed 
off in the ordinary way, it is obvious that, as the cutting 
face is ground, the form produced is altered, and as it is 
essential with some cutters that their form must be accurately 
maintained, the cutter must be so designed and finally kept, 
in such a way that grinding does not alter this form, and form 
relieving is a method that gives the necessary clearance while 
fulfilling thp qualification mentioned. 
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This relieving is accomplished in a special lathe or machine, 
and it is necessary that the designer should indicate on his 
drawing that this method is required. 

Fig. 64 shows a cutter of special formation with relief 
indicated. The latter must not be excessive, otherwise a weak 
tooth will result at the same time ; if insufficient the cutter 
will rub rather than cut, which will quickly destroy the tool. 
A reasonable relief is obtained by striking an arc from a 
centre J to -f\ offset from the true centre of the cutter as 
indicated. It will be noticed that the clearance angle is in 
this case only 46 degrees, this being done to increase the 
length of the tooth, thereby prolonging its life. As it is 
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unusual for form cutters to take heavy cuts, the angle 
giving chip capacity need not be so great as with the 
roller mill just dealt with. These cutters are, however, 
often provided with chip breakers in a similar manner to 
plain cutters. ' 

Hollow Mills. — These are used plentifully on screw 
machines and capstans, though in some cases they can be 
employed with advantage on drilling machines. The most 
common pattern is shown in Fig. 65, and Table No. 3 gives two 
dimensions having a bearing on the diameter of the cutter 
bore. 

This tool is usually provided with either three or four 
teeth milled straight as at a and suitable for brass, or at an 
angle as at b, thus giving rake and enabling mild steels and 
ductile materials to be machined with ease. 

Their lengths will be about two to three times the outside 
diameter of the mill, though this must be altered to suit any 
special conditions prevaiUng. 

To prevent the material seizing or getting jambed in the 
bore c the latter is tapered about Y P^^ foot for a length as 
shown at Fig. 66. 

The length for this part is indicated in Table No. 3, where 
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also will be found the outside diameter of the cutter. If 
the latter is kept too small, and the teeth made extra long, 
the tendency is for the mill to open out at the mouth as. it is 
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fed on to the work, thus producing a taper on the latter. 
A flat d is machined on the outside diameter to enable the 
holder screw to grip properly. 

The front clearance on the teeth is about 6 degrees, and this 
amount should not be exceeded, otherwise they will chip or 
" chattering " may ensue. 

As the grinding of these cutters must necessarily produce 
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Fig. 66. — hollow mills. 

Fig. 66. — large hollow mills. 

Fig. 67. — running stops. 

Fig. 68. — cheap type of hollow mill. 



work of enlarged diameter due to the tapered bore, some 
means of adjustment is often provided, and this is accomplished 
in two ways. The mill is either split as shown in Fig. 66, the 
slot breaking into the bore on one side and a nick being made 
opposite this on the outside, which enables the clamp collar. 
a to be used as a means of opening or closing the mill. In 
this connection it is well to mention that unless the tool has 
been properly hardened and tempered, while the mill will 
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close under pressure of the screw, the lack of spring in the 
tool will prevent it opening when the pressure is released. 

The second method is to make the teeth of increased length 
and fitting a clamp collar as before, by which means the 
teeth are closed or opened at the front. The same remarks 
in regard to the correct hardening will apply here also. 

Hollow mills have been used very successfully in drilling 
machines, being guided through steel bushes in the same 
manner as drills. Fig. 66 is a large type of mill used in this 
way, and to avoid the waste of expensive high-speed steel, 
it will be seen that the mill is separajte from the shank, the 
latter being made of mild steel. They can be assembled by 
either making the mill a light push fit on the shank and then 
driving a tapered pin through them both, as shown, or pro- 
viding them with threads and screwing them together. 

The stem can be straight or be made to a standard taper 
to fit the spindle of the drilling machine. 

Running Stops. — In the particular cutter illustrated at 
Fig. 66 it was found an advantage to introduce a running 
stop, that is, the two collars a and a^, being locked together 
on the shank, were adjusted at a certain height so that when 
the mill had reached its depth they butted on the top of the 
bush through which the mill was passing, the usual machine 
stop being rendered unnecessary. This principle can be used 
to great advantage in drilling and boring, where the depth 
dimension is very particular and the height of the component 
varies. Fig. 67 will make this clear, where it will be seen 
that if the height of the component varies by however small 
an amount, if the cutter is dependent on the machine stop, 
the length of the portion machined will vary, but if the tool 
is provided with a running stop, which it is obvious, fixes the 
distance from the cutting edge to the stop face, and the latter 
butts against the face x of the component, the length of the 
machined portion will be kept constant. 

A Cheap Type of Hollow Mill. — A hollow mill which 
for small work can be made much cheaper than other types is 
shown in Fig. 68. The cheapness lies in its being provided 
with only two teeth. 

The teeth are formed by the milling cutter which should 
have an angle of about 50 degrees making two gashes at 
opposite sides, after which the front clearance angle can be 
put on by means of a file. 
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As there afe only two teeth there is more of the cutter bore 
in contact with the work, and it is claimed that for this reason 
the diameters produced are more cylindrical. The proportions 
for these are as for the mills already described. 

Reamers. — As with inilling cutters the chief point with 
reamers is the teeth and their clearance. Naturally the size 
and form of the teeth will depend on their number, and 
standard reamers contain a larger number of teeth than the 
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Fig. 69. — tooth formation of plain solid reamers. 

Fig. 70. — expanding reamer. 

Fig. 71. — special reamer and counterbore. 



designer usually calls for in special ones. The number of 
teeth are given in Table No. 4 for various diameters. 

Special milling cutters are made for cutting the flutes 
in reamers, the angle of the teeth of which are generally about 
86 degrees ; this size will be found to leave a substantial form 
of tooth, and at the same time provide a groove of sufficient 
size to facilitate the escape of cuttings. It has been found 
that when reaming bronze, brass, etc., the reamer produces 
a much finer surface if the teeth are not made radial, but 
slightly ahead of the centre as shown at a. Fig. 69, the amount 
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a being ^f' for reamers between Y ^^'^ i' diameter and about 
^y' for those above this. In the writer's opinion, however, 
if the clearance is correct and cutting lubricant used the 
teeth caA be cut radial with every chance of success. 
" Chatter/' the great enemy of the machinist, is often caused 
by the reamer being too keen, the remedy for which is in his 
own hands ; excessive clearance on the outside is another cause 
of this trouble, and the designer should see that sufficient 
land is left which will act as a steady for the reamer, the width 
of this land as indicated in Fig. 69 should vary from ^' to 
about i^y'. Rose-chucking reamers, that is, reamers reserved 
for use on capstan lathes for " hogging " out rough holes, 
are provided with cutting edges at 45 degrees on their front 
edge, the flutes being milled as usual to assist in getting rid 
of the cuttings, but no side clearance is provided. 

It is the practice in some works to make reamers with teeth 
unevenly spaced, it being claimed that this prevents chatter, 
but the idea does not meet with general approval. The 
teeth are generally milled straight, but a large quantity of 
standard and special reamers have teeth either left- or right- 
handed spiral. It is claimed for these that the shearing cut 
due to the spiral formation produces a better finish. The 
left-hand spiral prevents the reamer being drawn into the 
work which would occur with a right-hand spiral if hand 
fed. As, however, in most cases the reamer is fed in by power, 
this point does not arise, and a right-hand spiral which will 
assist the withdrawal of the cuttings from the hole being 
reamed will be found an advantage. 

Expanding Reamers. — ^To avoid expense caused by the 
scrapping of reamers when they are worn undersize, various 
methods have been introduced, and the majority patented, 
for expanding them. A very simple yet successful form is 
shown in Fig. 70, consisting of stem a, a screw B, and the 
shell portion c. 

The stem, which is made of mild steel, has a tongue at a 
which engages in a slot milled in the bottom of the reamer 
c, forming a positive drive, and a hole is bored and tapped to 
receive the screw b. The latter is made of case-hardening steel 
and has the thread of fine pitch, about 26 threads per inch 
to avoid working loose, and the coned portion h is ground 
after hardening. The shell portion is of high-speed steel 
bored to fit the plain part of the screw b and with a female 
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cone of 15 degrees. To allow of expansion it has three slots 
equally spaced round its circumference, breaking into the 
bore and terminating about f from the rear end. So that 
on turning the screw b by means of the square end, the male 
cone of the screw forces open the reamer. 

Though the expansion is not parallel, as only the front 
of the reamer expands, this is by no means objectionable- 
as a back clearance or taper is thus provided which is, in 
some classes of work, a distinct advantage. 

Special Purpose Reamers. — ^While standard tools, yirhich 
can be bought cheaper, should be introduced wherever 
possible, occasions occur when the design of a special tool 
is essential. Fig. 71 shows a reamer and counterbore combined 
in one tool, a method often adopted on turret lathe work when 
there are more tools than the turret can accommodate. If the 
hole is to be reamed to very accurate limits this combination 
is best avoided, because if the front cutting edges of the tool 
are unevenly ground or are allowed to become dull, the cutter 
will tend to spring away from the work, thus enlarging the 
hole. The method of relieving or backing off the reamer 
as indicated at b where the outer edge is convex in form 
instead of having a flat, tends to strengthen the teeth and also 
prevents " chatter." 



Table 

REAMER 


No. 

TEI 


4. 

ITU. 




Diameter. 


Number of Teeth. 




In. 

Up to i 
i to IJ 
IJ to 2J 




4 to 6 
6 to 8 
8 to 12 





The clearance on the front end of the reamer and on the 
teeth of the counterbore should not exceed 6 degrees, other- 
wise the tool may " dig " in and possibly break. This 
particular cutter is used to ream a " blind '* hole, i.e. a hole 
blocked at one end, and also to make the bottom of the hole 
square, the latter being accomplished by the teeth on the 
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front part of the reamer. Fig. 72 is another reanxer specially 
designed, and to avoid expense and hardening difficulties 
due to its length the main body of the tool is of case-hardening 
steel, the reamer portion a only being made of high-speed 
steel. The stem is provided with a tongue b which engages 
in a slot in the top of the reamer. 

The sleeve c is bored out to slide on the stem d, the last 
f^ of which is provided with a screw for holding purposes. 
Four holes e are drilled round the end of the sleeve to enable 
a tommy bar to be inserted when unscrewing the sleeve. 

As the reamer a is hollow, the grooves for forming the 
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Fig. 72. — special type of reamer. 
Fig. 73. — shell reamer on boring bar. 



teeth must not be allowed to sink too deep, otherwise there will 
be a danger of the reamer breaking. The spindle d is case 
hardened, as also is the sleeve c. 

Fig. 73 shows a shell reamer a fixed on a boring bar, imme- 
diately behind the roughing cutter, thus enabling a hole to be 
rough bored and finished at one setting. Had it been necessary 
to remove the component between the roughing and finishing 
operations it might have been found that the work would not 
set itself in the same position, in which case the reamer a 
could have been made to " float " (see Fig. 53) by opening 
its bore a few thousandths of an inch, and the non-alignment 
of the component would thus be overcome. 
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Boring Tools and Holders. — Several firms have given 
considerable attention to the subject of boring bars and tools, 
and the result has been a number of patents covering their 
products, nevertheless many of the old types of bars still 
find favour. 

One of the simplest is shown at Fig. 74 where the tool a 
is inserted in the bar b and held by means of the set screw c. 
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METHODS OF FIXING BORING TOOLS. 



To facilitate adjustment, and also to prevent the tool pushing 
back when under a heavy cut, the screw d is set behind the 
tool. By arranging the tool across the bar at an angle a 
sUghtly longer tool can be used. If necessary the finishing 
tool can be arranged close behind the rougher, in which case 
it should be so located that the cutting edges of the two tools 
are at opposite sides of the bar, thus equalizing the cutting 
strain. Where the hole being bored is very small and the bar 



108 JIGS, TOOLS AND FIXTURES 

is being kept as large in diameter as possible, the existence 
of a binding screw on the circumference is impossible, unless 
a form of grub screw be u?ed, and this is not satisfactory. In 
some cases this can be overcome by locating the binding screw 
at the end of the bar as shown in Fig. 76. 

Fig. 76 shows another method of holding a boring tool, 
the length of the latter equalling the diameter of the hole 
to be bored. A fiat is made on the side and in the centre 
of the tool, and a taper peg a is driven in. 

As a rough idea of the proportions of this type of cutter 
to the boring bar, it will be found that the diameter of the 
cutter, or the thickness if not of round section, will be found 
quite satisfactory if made to equal about ^ the diameter of 
the boring bar. 

Figs. 77 and 78 show two other methods of fixing cutters. 
In the former the bar a is accurately slotted to take the tool 
b, the latter being held in place by means of a tapered screw c. 

This taper proves very useful when it becomes necessary to 
" float" the cutter, it being merely necessary to release the 
screw according to the amount of " float *' desired. With 
Fig. 78 the cutter a has a portion milled out of the centre 
which enables it to be located central with the bar without 
any adjusting, and is held there by means of the wedge b. 

The cutting angle and clearance . for boring tools will, 
of course, depend upon the material and in some cases on the 
section or form of the component being bored. Fig. 79 
shows at X and y a roughing and finishing tool. The former, 
it will be noticed, has a pronounced ' cutting edge a due to 
.the tool angle of 60®. This provides a very free-cutting action, 
but the feed must not be too coarse, and if properly heat- 
treated such a tool will have a long life. 

Clearance is provided on the side a, the top c, and the 
end b. For the two former this should be about 4 degrees 
for cast iron and brass, increasing to 6 degrees for malleable 
iron and soft steel and 10 degrees for aluminium. The end 
clearance need only be about 2 or 3 degrees, in fact for the 
finishing tool some designers leave this without any clearance 
on its end, merely providing a few degrees on its side. This 
is not advisable, as considerable friction takes place, and 
particles of metal will sometimes seize on to the cutter and 
cause enlarged bores. Fig, 79 is another form of cutter for 
obtaining the finished size, but is not adjustable for wear. 
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As the accuracy of the fit of the boring bar in its guide 
bush decides final accuracy of the work produced, any method 
of maintaining this should be taken advantage of. 

Fig. 80 shows one method where the bar has, milled along 
its length, several slots equally spaced round its circumference, 
into which are fitted hardened steel strips. The bar is then 
placed between centres in a grinding machine, and the strips 
circular ground to the required diameter. 
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The diameter of the slotted bar is, in this case, about J' 
less than the final diameter required, and the strips stood out 
about g\' above this, before grinding. 

Boring Cutters of Special Form. — It is necessary with 

some components to make a cutter of special irregular form, 

. or else with several steps of difFerent diameters which must 

produce a hole with these diameters concentric and at certain 

distances apart. 
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Fig. 81 shows a special flat-bladed boring cutter, perhaps 
familiar to the reader, used for forming the interior of certain 




SPECIAL FORM BORING CUTTER. 



projectiles. The method of securing top rake is seen at a 
and this also allows the edges to lay central for the purpose 
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STEPPED FORM BORING HEAD. 



of machining a flat bottom when necessary, the front clearance 
at b being about 6 degrees. 

For roughing purposes the profile of the cutter is provided 
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with a number of nicks or chip breakers. This cutter is located 
centrally on the bar c by milling a slot to form a seating, in 
which it is held by means of a screw and a dowel pin as 
shown. 

A boring head holding another special cutter is shown at 
Fig. 82, where the cutter a has three steps, and is held in a 
slot in the head h by means of the cheese-headed screw c 
and dowel pin d. Where it is possible, a component having 
a bore with several steps should be machined on the capstan 
lathe, using separate tools for each diameter, as the manu- 
facture of these formed blades, which are scrap when worn 
undersize, is a very expensive item. The illustration shown 
is taken from actual practice, but cannot be described as good 
tool engineering for the reason mentioned. 

Flat Bits. — Flat bits, one of which is illustrated in Fig. 83, 
share the work of the reamer and counterbore, their big 
advantage being cheapness of manufacture. During the late 
war, huge quantities of this type were used on fuse work, 
it being an easy job to turn the blanks on a good capstan 
lathe, set up an indexing head on the milling machine to mill 
the two sides ; there then remained the three most important 
operations of giving side clearance, hardening, and finally 
grinding to size. 

The portion a performs the work of an ordinary reamer 
and the rear part of b that of the counterbore.. To enable 
the cutting edges at c to be so ground as to produce a square 
shoulder and also to facilitate any subsequent grinding, the 
blade is undercut as shown at c. 

The blade portion should not be of too thin a section, and 
it will be found that a thickness of about ^ d, where d equals 
the diameter of the cutter, or where there are two diameters 
as in Fig. 83, d can represent the mean of these. 

The front clearance for the counterbore, also for the bottom 
of the reamer if it has to make the bott.om of the hole square, 
should not exceed 4 degrees, otherwise the cutter will tend 
to dig into the work and probably break. 

To avoid the tendency of bits and reamers generally to 
produce holes " bellmouthed," i.e. larger at the mouth than 
at the back, a slight back taper of about '006^ per foot will be 
an advantage. The side clearance on all cutter foot the flat- 
blade tj^e should be represented by an arc as shown in Fig. 
84, A, in preference to the double flat method as at b, the latter 
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Fig. 83. — flat bit. 

Fig. 84.— correct relief or side clearance. 



IG. 85. SPOT-FACING AND COUNTERBORING. 

IG. 86. COUNTERBORE WITH REMOVABLE PIN. 

IG. 87. — COUNTERBORE WITH REMOVABLE CUTTER AND PIN. 



but it will be v^ell to point out, that while a connterbore 
can be used for spot-facing, a spot-facing cutter c mnot be 
used for making a counterbore. A glance at Fig. 86 will 
show that the cutter at a, which is not provided with any side 
tooth, would not allow of the escape of the cuttings if taken 
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far below the surface. Fig. 86 illustrates a counterboring 
cutter with removable pin allowing for the insertion of a pin 
of varying diameter, the cutter and shank being in one piece. 
The cutter is generally made of either carbon or high-speed 
steel. The pin can be either carbon steel hardened and 
tempered, or case-hardening steel. 

The teeth can be cut spiral or straight, depending upon 
the nature of the material, to be machined. With counter- 
bores over f ^ diameter the shank can be made separate from 
the cutter portion, the latter being slipped on and retained 
by the pilot pin which screws into the shank as shown in 
Fig. 87. 

Table No. 6 gives fair proportions for counterbores, though, 
naturally, the relation between the pilot pin and the cutter 
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diameter will vary, and must be made to suit any particular 
job. The stem or shank can be made straight or to a Morse 
taper, or any other standard taper required. 

The angle of spiral should be about 6 degrees, and this 
amount will also be quite satisfactory for front clearance on 
the teeth. To avoid a common trouble with piloted cutters, 
that is, the seizing of the pilot pin in the hole, the pin is pro- 
vided with a small groove which retains any grease and also 
collects any cuttings which would cause binding. Some form 
of groove or slot should be introduced on all bars or pins 
used for steady or guiding purposes. 

Countersink Gutters. — As these are generally used for 
letting screw heads below the surface and the largest size 
called for is about J'' diameter, they are usually made in one 

9 
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piece as in Fig. 88. The diameter of the stem is equal to the 
diameter of the screw head for which the tool is intended, plus 
about -002' for clearance. Four teeth only are provided, 
these being formed by using a milling cutter with an angle 
of 90 degrees. 

For large work, where a chamfer or radius is wanted for 
any purpose, the pattern at Fig. 89 is quite useful, being pro- 
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vided with a standard taper shank. If it is intended to use 
the tool on aluminium or steel rake must be given to the 
teeth, which can be done by cutting them at an angle of about 
5 degrees as indicated by the line a, b. Note here also the 
groove in the pilot pin. 

Spot-facing Cutters — It has already been mentioned 
that this tool is employed for facing purposes only, therefore 
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no side teeth are provided. Fig. 90 shows a very useful 
pattern, the stem and pin a being made in one piece of case- 
hardening steel hardened and ground, while the cutter b is 
of high-speed steel held on to the pin by a grub screw c and 
driven by the tongue d. This convenience of being able to 
remove the cutter for grinding purposes is much appreciated 
in the machine shop. 

Some idea of the proportions of this tool can be gained by 
an examination of Table No. 6. The diameter of pin and 
cutter as with counterbores, will be governed by the work to 
be done, but a set of cutters and bars to this standard will be 
found to be very useful and covering a very large range of 
work. For exceptionally large work the pattern shown in 

Table No. 6. 
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Fig. 92 will be m,oTe economical as the circular cutter is re- 
placed by one of the blade pattern. 

This particular design of cutter is used in conjunction with 
the spot-facing fixture. Fig. 93 where the component locates 
on the hollow stud a which is perfectly square on its base b 
and the pilot pin of the cutter is a running fit in the bore c. 

This method is very satisfactory where the hole in the com- 
ponent varies, making it impossible to pilot directly into 
the component itself. 

The peg e prevents the component from swinging round when 
the cutting is taking place. The cutter blade, it will be 
noticed, is held in a similar manner to the boring cutter in 
Fig. 78. 
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Trepanning or Spirally Relieved End- working Tools. — 

The economy effected by the use of circular form tools for pro- 
ducmg a desired profile on the circumference of a component 
has resulted in the introduction of a tool on similar principles 
for reproducing a form on the ends or faces of components 
in the lathe. Fig. 91 illustrates such a tool where the form 
can be accurately maintained after the tool has been ground. 




FiC. 93. 

Fig. 92. — spot-facinq tool for large work. 

Fig. 93. — spot-facing fixture with component in position 



A section of the component is shown at a where the internal 
recess a is required to be maintained at a certain width. It 
is obvious that with a fiat type of tool re-grinding would be 
very diflScult, and the weak form of tool thus produced would 
" chatter " and probably break. 

The lead of the spiral necessary to provide front clearance, 
assuming the circumference of the tool to be, say, 6^, would 
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be i", from which it will be found that the clearance angle 
will be approximately 5 degrees. The diameter of the tocl 
X should be a running fit in the component to act as a guide, 
and it might be said that the only objection to this type of 
tool is its lack of chip capacity. The cutter can be attached 
to a mild or other steel holder. 

Broaches. — Broaching is an operation that is rapidly 
coming to the front not merely to displace some reaming 
operations, but on the actual production of formed work, 
an instance of this being the broaching of teeth on internal 
gears. 

An illustration of a broach use on blanks for automobile 
gears to produce the spline in their bores is shown in Fig. 94. 
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Fig. 94. BROACHES. 

Fig. 96. — keyway broaches. 
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As the material from which the gears were made was a very, 
tough steel, it was found necessary to have two broaches, 
one to follow the other, the one shown being the second. 

In designing broaches there are several points to be kept 
in mind, the first of which is the amount of metal to be removed, 
and next, the proportion per tooth. For round holes that 
merely require sizing about -20^, that is '010* each side, will 
be found a correct amount for the broach to remove, and the 
amount per tooth can be -001^ or •002'^. 

With the broach in Fig. 94, the total amount to be removed 
is shown by the depth of the spline, and allowing the same 
amount per tooth and the necessary amount of space between 
the teeth for clearance, it is obvious that a broach longer 
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than any standard broaching machine could accommodate 
would be necessary, hence the two broaches as already 
mentioned. 

With this broach, seeing that only about -^^ of the circum- 
ference of the hole is in contact with the broach, an amount 
of '0025^ per tooth was removed. 

The question of pitch of distance between the teeth must 
also be dealt with, and as a starting-point it has been found 
by experience that not less than two teeth, or more than four, 
should be in contact with the work at once. It is also clear 
that the space between the teeth must be greater in larger 
holes to give the necessary clearance for the cuttings. 

There were 48 teeth in the broach shown, their diameter 
commencing at 1'3946*, leaving the last three parallel at 
1'398^ to guarantee the finished size. 

The correct form and spacing for the teeth is largely a 
matter of experiment, for when large chip capacity is secured 
it generally means a weakened section of broach. 

The teeth are generally given a front rake of about 4 degrees 
and back clearance of 3 degrees as indicated and the land 
width of about •^^. The diameter at B is a slide fit in the 
component, the splines at c having an outside diameter of 
1 • 392* and being a fit in the gear blank as it leaves the first 
broach. When operating the broach, the lack of chip capacity 
due to strengthening the teeth may be compensated by 
having plenty of lubricant pumped on to the broach ; there 
are, however, some broaches on the market of hollow section, 
allowing lubricant to be pumped through and out of holes 
drilled at different points in the circumference which assists 
cutting. 

Broaches are generally made in one piece, except where 
excessive wear occurs, and in this case very successful results 
have been obtained by making this part removable by pro- 
viding it with a screwed portion. Kejrways are also easily 
broached, the cutting portion of this type of broach being 
made separate from the body, into which it is carefully fitted 
and then pinned as shown in section at Fig. 96. 



CHAPTER VIII 

SCREWING EQUIPMENT 

Dies — Hinged Button Dies — Spring Dies — ^Taps — Double Taps — Chasing 

Tools—Thread Milling Cutters. 

Dies. — ^The development of the releasing die head, holding 
chasers which can be removed for grinding purposes, and 
replaced when worn, has sounded the death-knell of ordinary 
round dies, comnaonly known as button dies. 

As, however, they are at the moment still widely used, 
it will be well to deal briefly with them. 

The chief proportions are given in Table No. 7, the out- 
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side diameter and the thickness being important because 
die holders and adapters are generally made to this standard. 
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In deciding the proportion of the teeth b (Fig. 96) and the 
size of the clearance holes c, a compromise must be effected 
between the two. As the majority of these dies are made 
with four teeth, a fair diameter for the clearance holes will 
be found to equal about ^'^ of the threading size of the die. 
The land a or width of the teeth must not be excessive, other- 
wise considerable friction will result, which generally means 
pieces of the thread being twisted off in the die. 

It will be noticed that the size and position of the clear- 
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Fig. 96. — button die. 

Fig. 97. — button die hinged. 

Fig. 98. — spring die. 



ance holes affect the width of the teeth, and also the amount 
of rake, if any is wanted, on the cutting edges. 

With the clearance hole proportioned as already mentioned, 
the centre of the latter should be such that the clearance 
circle cuts away about J^ of the circumference of the centre 
hole. 

The small hole d is inserted to add spring, and so facili- 
tate the adjustment of the die. In some cases this hole is 
elongated as shown dotted, but in any case this hole or slot 
should not extend further than half-way between the clear- 
ance hole and the outside of the die. 

Slot e is usually about ^^^ or 3^^^ wide and its front is 
opened at an angle of about 60 degrees to enable the 
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tapered adjusting screw in the die holder or adapter to 
engage therein. The tfiree countersunk depressions h are 
arranged 120 degrees apart, one at the back and one each 
side of the slot, for adjusting purposes, and .their diameter 
should be to suit the diameter of the screws in any par- 
ticular holder in use, or at least J of the thickness of the 
die. 

In some cases these dies are left quite solid, the slot e 
being omitted. 

Hinged Button Dies. — ^The great disadvantage of button 
dies lies in the fact that it is impossible to sharpen them 
easily, and also, unlike other cutting tools, the cutting angle, 
rake, etc., cannot be varied to suit the various materials 
used. Button dies provided with a hinge as shown at 
Fig. 97, however, do permit of regrinding and the pro- 
vision of rake when necessary, the only objection to these 
dies being their extra cost of manufacture. 

The diameter of the head of the hinge-pin p should be 
about J the thickness of the die, its thickness \, and the 
pin or portion between the heads \, and for the diameter 
of the pin, about J of the die thickness will be quite good. 

Dies should be made of steel made for that particular 
purpose, any alteration in form and pitch of thread after 
heat, treatment rendering the die useless. If the size or 
form of thread is in any way special, the designer is advised 
to mark his drawing calling for suitable identification marks 
to be stamped on the die before finishing. 

Spring Dies. — ^This tjrpe of die, illustrated in Fig. 98, 
is not so popular as the button shape, and the writer does 
not know of any particular quality it possesses, but it 
appears to find favour in America rather than this country. 
Its proportions are indicated in Table No. 8. 

The gashes that form the cutting edges, generally three 
in number, are made with a millihg cutter having an angle 
of from 60 to 70 degrees. The length of the threaded por- 
tion is from IJ to twice the diameter of the threaded bore. 
The lands a are proportioned as for button dies, that is, 
their width should equal about J of their threaded bore. 

The finished die should be hardened and tempered so as 
to provide spring for the jaws, because adjustment is obtained 
by slipping a collar over the jaws, the latter having three 
grub screws by which means the jaws are set in or released. 
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If the die is too hard the jaws will break on adjustment, 
if too soft the jaws will not open out after having been 
once set in. 

Taps. — ^The manufacture of taps for ordinary commer- 
cial purposes is quite simple work, but where the form and 
pitch of the thread have to be very accurate, the various 
dimensions of the standard thread have to be modified. 

In some cases the test for a threaded bore, apart from 
the fit of a thread gauge, will be a cylindrical plug gauge, 
of a diameter about equal to the core diameter of the thread 
being produced, and if this enters, the hole is not considered 
satisfactory. When inspection is very strict on this point. 

Table No. 8. 
SPRING DIES. 
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the correct size can be obtained by varying the depth of 
the thread on the tap by a few thousandths. 

Also when the form of the thread on the tap is affected 
by final heat treatment, thus interfering with the fit of the 
finished component, the effective diameter which governs 
the angle of the thread can be corrected to obviate this. 
Ordinary hand taps are rarely made, being bought cheaper 
from firms who specialize and produce them in huge quan- 
tities. Taps of special form of thread and diameter, how- 
ever, are drawn by the jig and tool department. 

As the length of the shank and its diameter is often 
decided by the conditions and holders available, it is not 
proposed to offer any proportions for this. 
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A tool having rake would be preferable for general work 
to one without any, so that in forming the cutting edges 
of a tap, the designer should call for a groove which will 
give this rake, at the same time not make it necessary to 
have a special milling cutter made for the purpose. 

Cutters are available on the market for this work, though 
in the writer's opinion none are more successful than the 
ordinary concave cutter. Clearance for cutting is a very 
important point with taps, otherwise breakages become 
frequent, and it can be best secured by giving a liberal 
width of groove. A fair rule for this with taps having four 
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Fig. 99. — correct relief or clearance on taps. 
Fig. 100. — drawing of a special tap. 



grooves is to use a convex cutter of a width equal to J the 
diameter of the tap itself, and to sink it to a depth equal 
to one-half its thickness. As the threads are concentric 
with the hole being tapped, friction is ever present, but 
can be reduced by relieving the thread on a special machine 
commencing from a point in the centre of the lajid as at 
a. Fig. 99. If the relief commences at the cutting edge 
there is a risk of cuttings getting wedged at b when the 
tap reverses, also the life of the tap is shortened because 
this unsupported edge cannot last so long as that at a. 
Fig. 100 is a representative drawing of a special tap. 
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where it will be noted that the root diameter is decreased 
by -004^ for a special purpose. The heat treatment sym- 
bol (see Chap. XIII) is also added, calling for " Osborne's " 
carbon steel, which is considered to be quite satisfactory 
for this purpose. 

The development of the collapsible tap for producing 
internal threads of large diameter, that is, of 2' and over, 
has obviated the necessity for the designing of large solid 
taps, and also internal chasing is often preferred. There 
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Fig. 101. — LARGE ** SHELL " OR SIZING TAPS. 

Fig. 102. — double taps. 



are still, however, large taps in use for sizing purposes, 
that is, they are passed through a hole after rough chasing 
to give the final size, very little metal having to be removed. 

These taps are generally made without a shank as shown 
in Fig. 101, the object being to make the latter of mild steel 
so that when the tap portion is worn it can be discarded with- 
out scrapping the shank, thus tending to reduce expenses. 

The taps are held on to the shank by means of the screw 
A, and to prevent the tap from slipping the slot b engages 
on the tongues c on the shank. 
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Double Taps. — ^Where two concentric bores require thread- 
ing, and the threads are of equal lead, this can be accom- 
plished by means of a double tap as shown at Fig. 102. The 
larger tap is a sliding fit on the smaller and is held thereon 
by means of a screw a, the latter having a plain pin which 
enters a small slot, the length of which is sufficient to allow 
the large tap a small amount of movement, about J*, in 
the direction of the axis of the tap. This " play " is use- 
ful where the two taps are screwing up to a shoulder, guar- 
anteeing the thread reaching up to this point. With larger 
size taps proportions laid down for smaller sizes are not 
adhered to, but where they can be followed it is nauch 
better. The lands of these large taps can be obtained by 
dividing the circumference into twelve parts and taking 
six of them as teeth, and the diameter of the shank should 
be made according to the size of the sliding tap, the bore 
of which must not be made too large, so as to run the risk 
of the tap cracking when going through heat treatment. 

For the same reason the clearance slots of this part of 
the tap are made shallower, about J the width of the grooves 
will be found to answer. In this design of tap the lengths 
X will, of course, depend on the component. 

Chasing Tools. — For the production of threads for 
ordinary commercial work, a simple single-point chaser of 
the pattern shown in Fig. 103 is used, where it will be noticed 
that the tool only allows for a radius at the bottom of the 
thread, and if the blank diameter of the work is left over- 
size, a thread with a knife edge will result. 

It is usual, however, to make the blank size slightly 
small, so that a very small flat on the thread top replaces 
the radius. Where the form is to be produced more accu- 
rately, provision must be made for the top radius in the 
manner shown in Fig. 104. The front clearance for these 
tools should be as small as possible, 2 to 4 degrees being 
quite enough, otherwise the cutting-point is weakened. 

The chaser in Fig. 104, it will be noticed, is to be made 
•001* deeper than the standard size, making the core dia- 
meter •002'^ small, the effective diameter is also to be 
•0015' higher than the standard. 

Thread Milling Cutters. — Thread milling is an operation 
that was greatly developed during the war, and lends itself 
to cheap production. 
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When considering the design of cutters, the points 
mentioned in connection with milling cutters hold good. 

Fig. 105 shows a very useful type of cutter which is held 
on its arbor by means of a cheese-headed screw, the head 
of which fits the countersunk portion a lajdng flush with 
the end h, thus enabling the cutter to work close to a 
shoulder. 

To assist in^driving the cutter, a keyway of circular form 
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Fig. 103. — simple single-point chasing tool. 

Fig. 104. — single-point chaser with provision for crest radius. 

Fig. 106. — thread milling cutter. 



is cut in the bore, which fits a key of corresponding shape 
on the arbor. The round form is selected because the 
avoidance of sharp comers prevents cracking, which could 
easily happen in so thin a shell. It will be noticed that 
this pattern cutter is counterbored both ends, permitting 
it to be turned round when cutting threads of different 
hand. 

The teeth for this diameter cutter are ten in number and 
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the clearance slots are milled with a cutter having an angle 
of about 60 degrees, provided with a radius, and to a depth 
equal at least to twice the depth of the thread. The slots 
are so milled as to make the cutting edges radial and the 
top of the threads are form relieved (see Fig. 64), allowing 
for sharpening by grinding the cutting faces. The slots 
are also best milled at an angle of 10 degrees, which will 
greatly assist cutting and avoid " chatter." 

In some types the cutter is integral with the arbor, but, 
in the writer's opinion, that indicated in Fig. 106 is both 
satisfactory and economical. 



CHAPTER IX 

GAUGES 

Limits — Plug Gauges — Caliper Gauges — Scissor Gauges — Depth Gauges — 
Screw Thread Gauges — Profile Gauges — Combination Gauges — ^Variety 
— ^Materials. 

To produce repetition work quickly and to dimensions, it 
is necessary to obviate the necessity of taking measurements 
with the usual precision instruments, micrometers, verniers, 
etc., and more so is this essential where unskilled or semi- 
skilled labour is employed. Another reason for their use 
is to secure interchangeability at as low a cost as possible. 
This is accompUshed by fixing limits of accuracy to what- 
ever class of apparatus is being manufactured, which will 
allow of the component parts being assembled without 
difficulty, and at the same time all^w them to be produced 
cheaply. The plug gauge. Fig. 106, for example, has one 
end made to a diameter of 'VS" and the other •760', the 
difference, or tolerance, being 'OlO*. 

This means that the hole produced must allow the -TS 
end to enter and not the '760 end, thus the hole will be 
within the limits decided. 

Limits. — It is not proposed here to discuss in detail the 
question of limits and the methods of fixing them, because 
almost every firm has a different method, and also at the 
moment correct limits and gauging methods generally is 
forming the subject of much controversy. Further, the 
fixing of limits is usually accomplished by the chief inspector 
in conjunction with the person responsible for the design of 
the article being produced. As, however, in the building 
of jigs and fixtures some system of limits is necessary to 
secure interchangeability and the correct fit, details of a 
well-known scheme known as the " Newall " are given. 

Table No. 9 gives various classes of fits for diameters, 
ranging from J* to 12*, which is a useful range. As it is 
generally easier to secure varying degrees of accuracy exter- 
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nally than internally, only two grades of fit, A and B, are 
given for holes, and the letters F, D, P, X, Y, Z indicate 
limits that will ensure a certain class of fit. For example, 
a shaft machined to F limits will require machine pressure 
to force it into a hole. One arranged for D limits will allow 
of a driving fit, while P limits give a push fit. Shafts machined 
to the limits at X and Y are suitable for revolving work, or 
running fits, and that at Z for the very accurate work called 
for in tool production. 

This S3rstem simplifies matters considerably, for, instead 
of writing a dimension, say, 3-^Jf' + -OOIO' and — *0006^ 
it is only necessary to call for 3-^^ A, and the mechanic 
knows at once what class of fit is required, and, more 
important still, any number of mechanics working to this 
method would produce exactly the same results. 

Plug Gauges* — These vary somewhat in construction, but 
the chief points to be watched are, that they are not too 
bulky, and therefore expensive, and also that no elaborations 
are indulged in, some designers making this an opportunity 
to indulge in a variety of radii and diameters which axe both 
costly and useless. 

Remembering the huge variety of components produced, 
it would be deceptive to lay down any fixed rules for the 
dimensions of gauges of whatever pattern, and it is obvious 
that they must vary slightly according to the accessibility 
of the part being gauged. Table No. 10 gives proportions 

Table No. 10. 
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for plugs up to f * diameter, below which diameter they are 
usuailly made solid. Above this size to about 1}' diameter 



GAUGES 



131 



they are either lightened by having a hole drilled through, 
as shown at Fig. 106, the hole having a diameter of about 
half that of the gauge itself, or the two end-pieces are made 
separate and hollow, as shown at Fig. 107, thus allowing 
these to be replaced when worn, without scrapping the 
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Fig. lOe.^oLiD plug gauge. 

Fig. 107. — solid plug gauge with renewable ends. 
Fig. 108. — ^plate plug gauge por large bores. 
Fig. 109. — ^pin plug gauge for small holes. 



entire gauge. In some works, where the hole to be gauged 
exceeds 3' diameter, a plate gauge of the form shown at 
Fig. 108 is used. 

It will be realized that when the limit on a hole of large 
diameter is very close, it will be found very difficult with a 
gauge that is heavy to hold it sufficiently square to enter the 
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hole, with the result that the work may be condemned, apart 
from which considerable time is wasted. 

Endeavour should always be made to secure light gauges, 
while at the same time the possibiUty of distortion due to 
weakness must not be overlooked. The type of gauge at 
Fig. 108 is usually made from sheet steel J' to J' thick, and 
the diameter is removed or relieved as indicated at c, leaving 
a land at a, making it necessary for the inspector to test 
any hole in two positions to ensure that the latter is quite 
round. 

The handle b is often made of steel tube for lightness, 
and if necessary the plate can be holed as at D for the same 
reason. Upon the holder a blank is ground, and the number 
of the gauge as well as the limits marked thereon. 

For very fine holes, say J"^ diameter and less, a useful and 
cheap form of gauge is shown at Fig. 109, consisting of two 
pieces of silver steel wire, one on the high and the other on 
the low limit, linked together, each having a steel or celluloid 
disc attached marked with the details. 

Caliper Gauges. — These are often referred to as gap 
gauges, and again as snap gauges, but it is considered that 
the word caliper is more fitting, so this word will be adhered to. 

This type is used for measuring external diameters and 
thicknesses, and as the tendency is for the jaws to be forced 
open, slightly, the strength of the part a. Fig. 110, must 
be of such a section as to withstand this. The thickness 
B will depend on the article being checked, if a shoulder exists, 
as at c. Fig. Ill, then a very thin section of about J' will 
sufl&ce. The stem d would call for a gauge of wider section, 
not for strengthening purposes, but to enable the inspector 
to check over the length of spindle quicker. It will be best 
to err on the wide side with all gauges of the caliper class, 
thus securing a good seating, as at a. Fig. 112, in contrast 
to that at B, where, owing to the small area of seat, there 
is the risk of the operator not holding the gauge square and 
obtaining a false result. 

To-day it is not the practice to make these gauges of sheet 
material, unless a very special form is wanted, as it is possible 
to buy steel forgings of very strong section visible at a in 
the photograph. Fig. 122, at a very low price, so that the 
designer should call for these. 

Scissor Gauges, — The checking of diameters or recesses 
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calls for the introduction of a special form of caliper gauge 
known as a scissor gauge. Fig. 113 shows one in position, 
where it will be noticed that the two limbs are pivoted at 
a certain point, not too near the measuring points, otherwise 
the gauge would be clumsy when held in one hand« yet so 
as to multiply the limit allowed in the recess on the dial b. 




Ficiii 



Fie »!«.. 
Fig. 110. — CALIPER gauges. 

Fig. 111. — DECIDING WIDTH OF GAUGE. 

Fig. 112. — ^advantage of width. 



Here it is seen that the limb c has a point which must rest 
between the high and low limits marked on the dial when 
the component is correct. 

A somewhat similar form of gauge is used fpr rouglily 
measuring the walls of cyhnders, or other pieces where a direct 
measurement cannot be taken. In the latter case the pivot 
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pin is equidistant from hoth. ends, so that the actual n 
ment taken on one end is shown fully on the other. 

The spring d, Fig. 113, keeps the jaws e in contact with 
the object being checked, and also makes it possible to vse 
the gauge in one hand, 

Dep0i Gauges. — For checking the depth of holes where 
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there is a shoulder or flat bottom, the simplest form of gauge 
is, as shown at Fig. 114, made from sheet steel -^ to ^' 
thick. The limb a is inserted in the hole till it bottoms, 
when the shoulders b should swing clear of the top of the 
component. 
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When the opposite or low limb is introduced, it should 
just clear the bottom of the hole and rest on its shoulders d, 
the difference in the lengths of the limbs being equal to the 
tolerance allowed in the hole depth. 

Another form of depth gauge is shown at Fig. 116, the 
gauge stem a being a slide fit in the casing b, and retained 
there by the spring c and the pin d. The tolerance allowed 
is represented by the step e at the top of the casing, so that 
the stem a is inserted in the hole, and the outer casing b 
depressed till it seats on the work, and the top of the stem 
should rest on the mean of the step E, when the depth of the 
component is correct. The edges of plate gauges should 
be chamfered to almost a knife so as to enable the operator 
to " feel " better, and also to prevent dirt lodging under 
and giving false results, where the edge of the gauge is hidden 
this is essential, and in the case of the depth gauge, Fig. 116, 
the bottom of the stem a should be hollowed, leaving a rim 
to touch the work. 

Screw Thread Gauges. — ^These are among the most 
expensive gauges to produce, the final hardening process 
calling for considerable care. If, however, a suitable grade 
of steel is secured, this risk of spoiling is greatly reduced. 
Suitable proportions for ring gauges. Fig. 117, that is gauges 
for checking external threads, are given in Table No. IL 



Table No. 11. 
RING SCREW GAUGES. 
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The gauge should always be provided with a knurl to assist 
when the screw fits rather tight. 
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As the hard work of a thread is taken on its side or angle, 
this is the part that should be watched carefully ; the crest 
and the root are obviously not so important. 

The finished plug and ring gauge should not screw together, 
or at least the fit should be rather tight, because there is a 
tendency for operators to work on the high side for safety, 
and if the two gauges fit together easily, there is a probability 
that the components will not assemble. 

The writer has found it a great advantage to have a groove 
made across the threads, as at A, Fig. 116, which enables 
screwed components, the threads of which are clogged with 




dirt or cuttings, to be checked without having to wash out 
the threads previously, the groove acting as a scraper. 

The difficulty with the gauging of a large quantity of 
screw threads is that, while the feel of a gauge is quite satis- 
factory for work that can be seen as well as felt, it is impos- 
sible to tell whether the screw that has passed is not low on 
the effective diameter and simply fits the screw gauge by 
binding on the tops of the thread, or whether the screw 
that has been rejected is a little iow on the outside diameter, 
yet has a good angle. In this connection it might be men- 
tioned that there is being developed a method of checking 
screw threads by reflecting their forms, considerably enlarged. 
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on a screen against the outline of a perfect specimen, by winch 
means the real dangerous defects are at once made apparent. 
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Fig. lift. 




Fig. 119. 



Fig. 118. — profile gauge. 

Fig. 119. — ^PROFILE AND POSITION GAUGE. 



Profile Gauges. — As the name suggests, this gauge 
checks the shape of a component or part of a component. 
One such is shown at Fig. 122, c, and in outhne in Fig. 118 
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for checking the form and position of the grooves in the 
component b. 

An improvement on this gauge would be to mount the 
gauge on two small blocks so that its profiled edge is raised 
from off the surface plate an amount equal to tiiat of the 
centre line of the component as at e, thus facilitating accurate 
checking. Another profile gauge, which is also a position 
gauge, that is, a gauge which checks the relation of one 
part with another, is shown at d, Fig. 122, and in principle 
at A, Fig. 119. The component is a worm-wheel blank. 
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Fig. 120. — combination^gauge. 

Fig. 121.— component automobile engine valve for which Fig. 120 

WAS designed. 



and the concave throat must be of correct radius, and also 
in correct relation to the seat of the recess c. The gauge 
therefore takes its seating from this recess, and the circular 
part checks the form of the throat d, this checking disc 
being provided with a knife-edge to facilitate this. 

Gombination Gauges. — It is often convenient to combine 
two or more of the gauges already mentioned, and to illus- 
trate this Fig. 120 is given. The component is an automobile 
engine valve, shown in the photograph. Fig. 122, at E, as 
well as in Fig. 121. The gauge checked the diameter oi 
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the stem, the straighlhess of the stem, the angle of the seat 
B, the diameter of the seat, the concentricity of the seat with 
the stem, and, lastly, the position of the slot c. The gauge 
fails in one respect, that is, there is no check on the stem 
should it be oval or undersize slightly. 

Variety. — The writer has already mentioned that the 
designing of production equipment provides a wide field for 
the ingenious, and to give a very small idea of the multi- 
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tude and variety of shapes of gauges alone the illustration, 
Fig, 122, is given. 

Some shown have already been mentioned, and the remainder 
will be briefly introduced. The plate bearing the three 
pegs at P is tor testing the smooth miming and correctness 
of centres of three-gear wheels ; by turning them slowly on 
this, any irregularity iii the size or form of the teeth being 
immediately noticeable. 

The base of this fixture is of cast iron, with pegs of hardened 
steel. The three gauges at H are for checking the relation 
of the crank pins of a four-throw crank shaft. The thin 
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stem is of steel tube with a hardened steel knife-edged roller 
at a, and the baae is of aluminium, with a thin steel sole to 
avcHd wear. The latter locates on the flange at the end of 
the crank shaft, and a gauge is provided for each crank pin 
or journal, thus ensuring their correct relation. 

J ifi -a plate-length gauge made from J"^ sheet steel, with 
the high and low limits on each side. The small caliper 
gauge at k is made from a piece cut from a bar of round 
section, and for measuring up to about -^^ this type can 
be economically made. The gauge l is for checldng the 
thickness of the rim of a gear wheel, the long upper edge of 
the gap resting on the gear blank, the gauge being moved 
down till the small lip touches or misses the other side of 
the rim. The high and low limits are seen to the right 
and left. 

Immediately above this is an adjustable caliper gauge, 
allowing an adjustment of i' to J', that is, its steel measuring 
peg6 can be moved forward or backward to check any piece 
ol a J' thickness to Y> after which the pegs can be locked 
to prevent their getting accidentally altered. The " Go " 
pegs are, of course, at the front of the jaws, and the "No 
Go " immediately behind them. The large plug gauge at 
M was introduced for purposes of comparison with the plate 
plug gauge N laying in front of it. The extreme weight and 
cost of the former will be at once suggested. 

At O is seen a dissembled plug gauge, of which mention 
has already been made, p is a position gauge for the two 
bores of the engine connecting rod seen laying across it. 
The two plugs T being, a sliding fit in the frame, will not enter 
the bores of the connecting rod when it is placed in position, 
should either of its holes be out of position in any way. 

The end view of the combination gauge already dealt with 
can be seen at r. A partial view of a IJ"^ male screw gauge 
is also visible at s. Two ring screw gauges will be noticed at B. 

Materials. — As gauges are generally expensive tools, 
the degree of accuracy determining this, the material from 
which they are made should be such that the possibihty of 
wear is reduced to a minimum. Tcol or carbon steel is the 
best material for getting hardness with a view to avoiding 
wear, yet it carries with it danger, for it is possible that it 
may crack in the hardening, and perhaps a very expensive 
gauge scrapped. 
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This is partly overcome by using mild steel or case-hardening 
steels, and hardening to instructions supplied on application 
to the makers. In the case ot plate gauges, only the parts 
where wear takes place need be hardened. 

With thread gauges the steel should be selected that will 
harden at a low heat, thus reducing the tendency of the 
threads to warp or otherwise distort. 

Where gauges are of rather bulky size the introduction of 
aluminium parts to secure lightness should be done with 
great caution, otherwise the relation of the more important 
parts may be thrown out by an accidental blow or strain. 



CHAPTER X 

PRESS TOOLS 

Simple Blanking Tools — Multiple or Gang Tools — Holding Punches — 
Bolsters— Strippers — Stops — " Follow **^ Dies — Piloted Punches — 
Drawing Tools — Re-Drawing— Combination Tools — Bending Tools 
— ^A Special Forming Die — Sub-Presses — ^Materials. 

This branch of tool engineering, together with that relating 
to automatic work, are in the writer's opinion the most 
important and offering the brightest future. The range of 
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Fig. 123. — simple blanking tool. 

Fig. 124. — multiple or gang tool. 

Fig. 125. — ^arrangement of punches for irregular shaped blanks. 

articles produced by means of the press is enormous, reaching 
from pins and pen nibs to steel coffins and automobile side 
frames. More recent engineering practice is against the 
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addition of weight to secure strength, an example of this 
existing in line-shaft hangers, which, until a few years ago, 
were made of heavy cast iron, are now pressed out of steel. 
A piece of, say, •^' sheet steel will bend easily in two 
hands, but make an acute corrugation in it, then try and 
bend across this, and the result that can be obtained by 
carefully designed press-work will then be apparent. The 
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reader is advised to make a special study of this very interest- 
ing branch. 

Simple Blanking Tools. — ^The simplest possible type of 
blanking tool is shown in Fig. 123» the blank being a round 
disc. 

The fit of the punch A in the die b depends on the thickness 
of the material being punched. With heavy thick material 
more clearance must be allowed between the punch and 
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die so as to assist in reducing the strain of punching. With 
thin metal such as sheet "tin," etc., too much clearance 
would cause the finished blanks to have a burr on their edges. 
Some idea of the correct clearance can be gathered from 
Table No. 12, which is followed by the famous firm of Bliss. 

The mouth of the die is generally left straight for about 
J"^ as indicated at h and then tapering away, the amount of 
this taper being about 1 or 2 degrees. 

The punch should also be a good fit in the stripper plate 
D, preventing the tool setter from shearing the edge of punch 
or die when setting them in the press. 

Multiple or Gang Tools. — In this t3rpe two or more 
blanking punches are grouped in one holder, and in arranging 
the punches care must be exercised so as not to waste any 
material, at the same time too close an arrangement of 
punches will mean thin walls between the dies. The general 
practice is to allow about ■^* or an amount equal to the 
thickness of the material being blanked. The actual punches 
could not, of course, be so closely arranged, but are located 
as shown in Fig. 124, where with the first stroke of the press 
the two blanks A are punched, the material is then fed along 
and those at b are completed. 

To avoid waste of metal with irregular shaped blanks, the 
strip of metal is often fed through the press blanking one 
side A, Fig. 126, and afterwards passed through again so 
that the opposite side b is punched. 

Holding Punches. — ^The most common and successful 
method of holding punches is indicated at Fig. 126, where 
the punch is forced through the punch plate accurately at 
right angles and the back is then riveted over. 

Another method, especially with bending and forming tools, 
is shown at Fig. 127, where they are held by means of a counter- 
sunk headed screw and dowel pins, the latter passing through 
the back of the punch plate into the punch. With fine 
punches that are liable to break, provision must be made 
for quickly extracting them, and this can be accomplished 
as in Fig. 128 where the punch is held by an ordinary set 
screw, or the punch can be made with a head and passed 
through the punch plate, being a very accurate fit, the head 
b«ng sunk below the surface as in Fig. 12d. 

Bolsters. — ^This name is given to the cast-iron or steel 
bed plate upon which is fixed the die when in the press, some 
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dies being fixed permanently thereon, others aire removable. 
One form of bolster is given in Fig. 130, consisting of an iron 
casting with two lugs A for holding down purposes and a 
dovetail seating into which fits the die. The set screws b 
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; Fig. 126. — holding punch by riveting. 
i Fig. 127. — ^holding punch by screws and dowels. 
[ Figs. 128 and 129. — held so as to facilitate removal. 
Fig. 130. — bolsters. 



engage in small depressions in the side of the die holding the 
latter securely. The hole c should not be large enough to 
weaken the bolster, yet there is danger, if made too small, 
of a blanking operation being fixed on it and the hole not 

11 



146 



JIGS, TOOLS AND FIXTURES 



being large enough to allow of passE^e of the blanks as they 
fall, the result being a continual jambing of blanks till finally 
either punch or bolster breaks'. 

Other pattern bolsters do not have the dovetail portion 
but are quite flat, the die being bolted direct on to the face. 




Fig. 131. 

Fig. 132. 

Fig. 188. . 

Fig. 134.— I 



Strippers. — The punch having pierced the metal would, 
on its upward stroke, take the metal with it, and as it can 
only be removed with difficulty, some device or stripper 
must be included in the equipment. The most common 
method of stripping is shown in Fig. 123, where the plate 
D would remove the metal from the punches as the latter 
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passed upwards. This form has the advantage of giving 
support to the punch, but makes it practically impossible to 
see the punch at work. A punch with stripper combined is 
shown in Fig. 131 where the punch A is inside the stripper 
sle6ve B, so that on descending, the punch a passes through 
the material and the sleeve b is pushed up ; as the punch is 
withdrawn, however, sleeve b, due to the action of spring c 
on the plate and pegs d, forces the material off the punch. 
In some cases the pressure ring (see Drawing Tools) alfo 
acts as a stripper. Figs. 132 and 133 are illustrations of this, 
where the rings a surrounding the drawing pimch b strip or 
remove the drawn shell from punch. The ring receives its 
return motion from the springs c in the case of Fig. 132 or 
the rubber buffer d in Fig. 133. 

India-rubber is preferred to steel springs in press tools, 
as it is more resilient, and also the life of the rubber is longer, 
due to the practice of building the buffers up with a number 
of pieces ; adjustment is also secured in this manner. 

In the upper tool of blanking and drawing dies, a stripper 
or " knockout " is located as at a, Fig. 134, where the compo- 
nent is prevented from sticking in the die B by its action. 
It is actuated by a projection in the press engaging the top 
c on the upward stroke. The '* knockout " is retained by 
the pin D. 

Stops. — These are arranged on the die to determine the 
relation of one blank to another. The usual method is 
shown at a, Fig. 136, where the bent steel peg is inserted, 
the metal butting against a when being punched. The peg 
is bent as shown, enabling the hole h to be drilled- a greater 
distance from the die hole, thus avoiding the possibility of 
a crack when hardening. 

One great trouble with this form of stop is that when 
feeding the metal along, if the latter is not kept under proper 
control, it may rest on the stop instead of against it, with the 
result that the punch descending on to a sloping surface as 
at b, Fig. 136, will be damaged. 

This can be partly avoided by introducing a spring beneath 
the stop pin as shown at c. Fig. 1 37, so that it would be de- 
pressed in the event of the metal being punched thereon. 
At D, Fig. 138, is seen another type of stop : the trigger a 
is suspended from the stripping plate h, and as the metal is 
fed along to the left it lifts and drops into the latest punched 
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hole, after which; on giving the material a slight pull to the 
right, it is safely located against the trigger at c. 

** Follow " Dies. — ^The name " follow " is employed be- 
cause more than one operation — ^ranging from two to six — 
is completed with each stroke of the press, the tools for 
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Fig. 139. — ^simple follow die. 
Fig. 140. — ^adjustable guide. 
Fig. 141. — piloted punches. 



the operations being located or following one behind the 
other. 

Fig. 139 is an illustration of a simple tool of this type, the 
component being seen at a, each stroke of the press punching 
the slot and two holes and blanking out the shape. The 
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punches axe seen legated in the punch plate i> which is screwed 
to the holder c, the shank of the latter fitting the ram of the 
press. 

The strips or guides d are wide enough to allow of a free 
passage for the material being punched and as the width of 
the latter may vary a little and so either move laterally 
or stick between the guides, one of the latter is often provided 
with springs as at Fig. 140, enabling the guide a to meet any 
variation in width of material — the strength of the springs 
must be arrived at by experiment. 

It will be noticed that the heavy blanking punch E is a 
trifle longer than the finer punches, this allows the former 
to enter the work first, avoiding the vibration or shock that 
would otherwise be thrown on the more delicate punches. 
The punches should not be too long, because they may buckle, 
but allowance must be made for grinding which is done on 
the faces F. The thickness of dies, naturally, will depend on 
the thickness and area of the piece being blanked, but it 
may vary between J* and about 1^. 

Piloted Punches. — In cases' where a very accurate re- 
lation must be kept between a hole and the outside edge of 
a stamping, it is usual to make a pilot pin on the end of the 
punch as in Fig. 141, so that the pilot pin enters the punched 
holes before the blanking punch. 

The part a of the pilot must be parallel and a good fit in 
the hole. 

Drawing Tools. — The production of cups, shells, metal 
boxes, etc., necessitate the use of drawing tools, the simplest 
form of which is known as the " push-through " t3rpe shown 
in Fig. 142. 

It is obvious that only a shell of straight formation can 
be so drawn, the blank for which is located in the guide plate 
A and the punch b descending forces it through the die c and 
on the upward stroke of the punch the shell is stripped off 
, by catching on the edge D which is left sharp for this purpose. 
The edge of the die e and the punch f must have a radius to 
assist the opeiation, and if the component must have a sharp 
corner, this must be arranged later by introducing another 
operation. 

The method of drawing indicated in Fig. 142 can only be 
carried out with material of about y thick and over, because 
below this size the edge of the metal as it is entering the die 
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will cockle and form a number of creases in the shell. To 
prevent this a pressure ring is introduced, as in A, Fig. 144, 
so that the blank b is located in its guide over the die, and 
when the punch descends the steel ring a holds the blank 
firmly under pressure of the rubber buffer c while the punch 
continues downwards drawing the blank from beneath the 
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Fig. 142. — plain push-through drawing tool. 

Fig. 143. — simple re-drawing die. 

Fig. 144. — drawing with pressure ring. 



pressure ring and so avoiding the formation of any creases. 
The ejector b operated by the buffer d removes the shell 
when drawn. 

The buffer c must not be too strong, especially if the drawing 
punch has a small radius, as it will probably tear the metal 
instead of drawing it, yet if the pressure is too weak, the 
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creases will re-appeax. As the drawing operation stretches 
the metal it is. obviously impossible to give the size of the 
original blank to begin with, especially where the shell drawn 
is of irregular shape, but by mensuration some idea of the 
size can be calculated and then it is a matter of experiment 
to find the exact shape of the blank. 

For cylindrical shells the blank can be found roughly 
from the formula — 

I> = \/42 + 4dh 

which is from the practice of Messrs. E. W. BKss, of New 
York, where 

D = Diameter of blank, 

d = Diameter of shell, 

h = Height of shell. 

Re- drawing. — ^Where the depth of a shell is such that 
it cannot without risk of splitting be drawn in one operation, 
a re-drawing operation becomes necessary, as shown at Fig. 
143. The shell previously partly drawn is located on a die 
having a " start " of about 46 degrees and the punch forces 
it through the die. 

The number of draws necessary for a shell cannot be decided 
by rule; many points enter into the question, such as — 

(1) Quahty of material, 

(2) Depth of draw, 

(3) Radius required, 

so that the matter becomes somewhat experimental. An 
idea can be gained from the telephone receiver. Fig. 149, 
which required 6 draws, the original blank being ^' thick 
and about 3' diameter, and a brass projectile case 12' long, 
3*3 diameter can be produced from a blank 6*2' diameter 
and '330' thick in 8 draws. 

Combination Tools. — High production makes it necessary 
to reduce the number of operations to the minimum, and for 
this reason two or more operations are carried out with one 
tool, as shown at Fig. 145. a is the die and b the blanking 
punch, c is the pressure ring supported by three studs equi- 
distant from each other, the studs being screwed into the plate 
D, the rubber buffer being compressed between it and plate 
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E. The. drawing die f, which is of hardened steel, is located 
centrally to the die a. Pressure ring c should be a close fit 
between the blanking die and drawing die. The " knockout " 
pad H which also helps to form the shell is a push fit in the 
punch B and a hole is usually placed as at j to allow of the 
escape of air from k behind the pad. With this tool then, 
one stroke of the press blanks and draws the shell as shown 
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at L. If the latter calls for embossing, the figure or letters 
can be arranged on the top of die f and pad h. 

Bending Tools. — For plain right-angle bends the most 
simple form of tool is shown in Fig. 140, where the strip A 
to be bent is located in a guide plate b while punch c descends. 
For accurate work the possibility of the piece slipping while 
being bent is removed by employing a tool of the type shown 
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in Fig. 1*7 where the strip of material rests on its guide and 
on the spring pad a, the latter descending with the punch 
and ensuring a perfect bend. To assist bending a radius 
should always be arranged at B. The gap b is equal to the 
width of the finished component plus -002', and the punch 
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D will therefore equal the same width, less twice thickness 
of metal and minus •002'. 

The guide plate for locating a piece to be pierced should 
be slightly chamfered as at A, Fig. 148, which prevents any 
chips of metal or other matter lodging in the corner, so that 
the piece to be punched does not lay fiat, which may result 
in broken punches. 

A Special Forming Die. — Fig. 149 shows an operation on 
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a brass shell, the latter being the case of a telephone receiver. 
The shell is first drawn from the blank which leaves the 
thickness at A about ^'. To get the bulged part the drawn 
shell is placed in a die made in two halves b and c and having 
the desired shape cut out, the halves being retained by an 
outer clamp d. A definite quantity of water is then poured 
into the shell and a leather disc of a diameter to lightly fit 
the bore placed in after. The ram of the press descends and 
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rod E, attached to it, forces the leather blank down the shell, 
causing the water to bulge the shell bottom and conform to 
the shape already cut out in the die. Water and special india- 
rubber pads can often be used in this manner for unusual forms. 
The clamp d operates on the principle of a two-jaw chuck, 
the clamps being tightened or released by means of a right- 
and left-handed screw. 

Sub- Presses .^The latter consists of a ram working in 
a sleeve operating a punch and die which are permanently 
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assembled, so that no setting is necessary, the sub-press being 
placed under the press ram, and nut a. Fig. 160, connected 
thereto, after which the base b is clamped to the press bed 
and the stroke adjusted to suit the die. 

Tliis type does not pay except for very delicate and impor- 
tant parts such as clock gears, etc.. but once made they 
last a considerable time, as no interference with the alignment 



of punch and die is necessary, the latter being the chief source 
of wear in press tools. 

The one shown at Fig. 150 is for producing the brass disc 
c with its four holes, which must be kept very accurate. 
The ram, which is also the blanking punch, is seen at d and 
the die portion at e. The stripper ring, spring actuated, 
is visible at V. The upper stripper h is arranged inside the 
punch D, where it is connected by means of three steady rods 
J to the plate k which thrusts against the spring l. 
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The punches M lor the holes axe located in the upper stripper 
H, being a very accurate slide fit therein, and reaching almost 
to the bottom of the blanking puuch. The metal is fed 
beneath the punch and die, and when the blanking punch 
descends, the disc is momentarily held between the upper 
stripper h and the die e, while the ram of the press, still 
descending, forces the small punches m down to complete ^ 
the work. As the press ram ascends, lifting with it the punch 
D, stripper f forces the metal up to its original position, and 
as the disc is at that moment held by the upper stripper on 
the die face, the disc is lightly pressed back into the hole 
in the material from which it was previously blanked, from 
which it must afterwards be very carefully removed. By 
the method described it will be seen that a perfect stamping 
is continually being produced, not even the usual distortion 
due to the " flow " of the metal interfering, because when 
.the holes are punched the disc is sandwiched between the 
upper stripper h and the die e. The punch D is held central 
in the outer casting by a babbit liner p which can be adjusted 
when necessary by the nut R. 

Materials. — Press tools score over cutting tools because 
the expensive high-speed steel is not necessary. The steel 
used will largely depend on the material being punched, 
but one would be perfectly safe in using carbon steel for all 
punches. 

For punching brass and softer materials a mild steel punch 
left in its soft state is often used, the dies in all cases being 
made of carbon steel hardened and tempered. 

For piercing punches, ordinary silver steel or drill rod is 
quite good if not left too hard. 

A common practice is to use case-hardening steel and 
give it the necessary heat treatment, afterwards finishing by 
grinding. 

When punching or forming ebonite, a common occurrence 
in the electrical trade, it will be found of great service to 
arrange a small water boiler near the particular press and run 
the hot water through pipes which can be arranged to pass 
through the die bolster ; by this method very little work is 
scrapped due to cracked ebonite. In very hot weather this 
can be obviated by allowing the ebonite to remain in the 
sun an hour or so before using. 



CHAPTER XI 

BROWN & SHARP CAMS 

* 

Feeds and Speeds — ^Direction of Spindle Rotation — ^Total Revolutions 
per Piece — Correcting the Revolutions— Selecting Gears — ^List of 
Operations — ^Determining Cam Surface — Plotting the Cam — Back 
Slide Cam — Front Slide Cam. 

While the tendency in the design of machine tools is to 
reduce the skill required for their setting up and operation, 
the Brown & Sharp automatic, one of the few that require 
special cams designed for every new piece of work, still 
retains its popularity. The objection to the necessity of 
continually designing cams is outweighed by the fact that 
when so doing the designer is able to reduce the idle time 
to an absolute minimum, and the finished cam can then 
give the maximum production in the minimum time. To 
give an idea of the method adopted, it is proposed to design 
cams for a Brown & Sharp automatic No. " 00," for making 
a quantity of mild steel screws as shown in Fig. 151. 

The cams are three in number, the lead cam, Fig. 162, 
which controls the movements of the end-working tools, 
the rear and front cross-sUde cams, Fig. 163, which are 
responsible for the working of the cross slides, carrying the 
cutting off and form tools. 

Feeds and Speeds. — The working out of the proportions 
of the various lobes of the cam is based on the revolutions 
of the spindle, therefore this is the first consideration. 

For machining mild steel 70 to 80 feet per minute is quite 
a satisfactory speed, so that an examination of a surface 
speed table will give the number of revolutions for material 
J^ diameter as 1,069. It must be remembered, however, 
that the speed changes on the machine are limited and the 
nearest speed to this is 1,087, so this will be decided upon as 
near enough. 

The threading, to obtain satisfactory results, should be 
carried out at a lower speed ; about 30 feet per minute is 
considered correct, and the nearest obtainable to this is 
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792 revolutions per minute, so that the two speecte, 1,087 
and 792, will be accepted as giving good cutting results. 
As the rate of travel or feed of the cutting tools is an im- 
portant factor in designing the cam this must also be decided 
upon, it being possible to proportion the cam so as to vary 
the speed to suit any particular tool. Considering the com- 
ponent Fig. 151, which is of mild steel and has no extremely 
fine limits, a fairly coarse feed may be selected. 

To machine down to the thread diameter y\^» only ^^' 
of metal each side requires removing, so that a feed of about 
•010* per revolution will not be too coarse. The reduction 
of this thread diameter for the formation of the Y pi^ ^ilso 
only calls for the removal of ^* of material, therefore the 
same feed can be used here. The feed of cross-slide tools 
must not be quite so coarse, and its selection is not quite 
so easy as for end-working tools, there being several points 
which must be watched. 

The grade of material being used, the diameter, the 
width, of the form and cutting-off tools, and the condition 
of the machine, must all be considered. 

With the component under consideration, it will be assumed 
that the cut-off tool is of substantial width, the material 
quite ordinary and the machine bearings in good condition, 
then as the form tool has only to make the recess under 
the head and remove burrs, a feed of, say, •002'^ per revo- 
lution will not be excessive. 

Direction of Spindle Rotation. — As the threading die 
must be run on to the work at the slow speed, i.e. 792 r.p.m., 
there is no reason why the high speed at which the spindle 
revolves when reversed for running pflE the die should not 
be taken advantage of. 

It can be arranged therefore that the reduction of the 
stock diameter by the hollow mill or box tool can be done 
on the forward motion, and the forming and cutting off 
when the spindle is running backward at high speed. 

Total Revolutions per Piece. — Having fixed upon the 
necessary feeds and speeds, the operations can be fixed and 
timed from which the total revolutions can be obtained. 
For the component Fig. 151 the operations will include 
turning down to ^^^ diameter as far as the head, which is 
best accomplished by means of a hollow mill, and then 
turning the Y nose portion, using for the purpose a box tool. 
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The pi6ce is threaded next, and immediately the die is 
withdrawn the form and cut-oft tools move forward, 
operating simultaneously. First, however, the turret is 
indexed into position, and the spindle reversed which both 
take place together. For this particular machine the time 
for this is one half-second, so that with the spindle running 
at 792 r.p.m., the indexing will take 6J revolutions, to which 
it is usual to add two or three more, in this case to make even 
figures add, say, 3J, making the revolutions for indexing 10. 

The turning operation comes next, and the length '760' 
divided by the feed per revolution 'OK will give 76 revolu- 
tions, to which add '01 for clearance, making 76 revolutions. 

The turret is again indexed, taking as before 10 revolutions, 
ajid bringing into position the box tool for turning the point. 
The length J^ is divided by -01^, giving 27 revolutions for 
this operation, after which the indexing of the turret again 
adds ten revolutions. 

The threading operation comes next, and the revolutions 
for this are obtained by multiplying the length to be threaded 
by the number of threads per inch, so that ' • 6 X 26 = 13, 
to which is added 2 revolutions for clearance, making 15. 

To run the die off the screw on reversal of the spindle 
will add a similar number. Following the die is the cross 
slide tools, and taking the cut-off tool as the one that moves 
the greater distance and therefore upon which any calcu- 
lations should be based, it will be seen that the travel 
equals '126^, that is, half the diameter of the component 
plus another -Ol^ to allow for the small angle at the point 
of the tool, and a further -Ol' for clearance, making in all 

• 125 + -or 4- -01' = • 145» This amount, then, divided by 
the feed per revolution, which for the cross slide is 

• 002^ = 72, which is the number of revolutions required 
for the working of the cross slides. 

During this operation, however, the turret has indexed 
round to the stock stop position, that is, three indexings, 
and has also fed forward another length of metal, which 
means that to the previous numbers must be added another 
i second or 14 revolutions. 

Correcting the Number of Revolutions for the Higher 
Speed. — Though two speeds are employed in making the 
screw, all calculations when proportioning the cam are based 
on the fast speed. It is necessary, therefore, to increase the 



BROWN & SHARP GAMS 



161 



number of revolutions of the slow-speed operations propor- 
tionately, which is done by using the simple formula — 

R = "- A-^ 

where R = Revolutions required, 

r = Existing number of revolutions, 
H = High-speed revolutions, 
L == Low-speed revolutions. 



ORDER OF OPERATIONS. 



At 792 r.p.m. — 

Index turret and re- 
verse spindle 
Hollow mill 
Index turret 
Finish point (box 

tool) 
Index turret 
Thread on . . 
At 1,087 r.p.m.— 
Run off die 
Form. Index 3 times 

and cut off 
Feed stock 



R.P.M. 



10 
76 
10 

27 
10 
15 

15 



Corrected 
JR.P.M. 



14 

105 

U 

37 + 2 

14 

21 

15 



ProportioQ of 
Cam Surface. 



5 

33 

5 

12 
5 

7 



72 


72 


23 


14 


14 


5 




306 + 2 


100 



So that taking the operation of indexing the turret, etc., 
we have 

1,087 X 10 



792 



= 14 revolutions approx. 



This method is followed out for all operations on the slow 
speed, and it will be seen by examining the order of opera- 
tions that the total revolutions of all operations is 306. 
Selecting Gears. — Having found the number of revolu- 

12 
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tions necessary to make one piece, it is a simple matter 
to find the time per piece. With the spindle running at 
1087 r.p.m., by proportion it will turn 18 times in one second 
and the 306 turns will be made in 17 seconds. With the 
machine for wlfich these cams are intended, it has been 
arranged that the rate of motion of the cams controlling the 
various tools can be varied by altering a system of change 
gears, and to produce the piece in 17 seconds it is essential 
that gears having the correct number of teeth to give the 
required rate of motion must be selected. 

The " Table for Laying Out Cams," No. 13, is similar 
to the one supplied with the machine, and to which refer- 
ence must be made when selecting the gears. 

Looking down the column headed " 1,087 Revs.," it is 
found that the nearest " revolutions per piece '* is 308, 
which gives on the extreme left 17 seconds per piece, and 
to the right of this number it will be seen that the gears 
necessary to give this result, are a 20- toothed wheel 
on the driving shaft and a 34-toothed gear on the worm 
shaft. 

It is only necessary then to adjust the original number 
of revolutions to meet this, which can be done by adding 
two tp the operation, " Finish Point," making this 39 as 
indicated in the *' Order of Operations." 

Determining Gam Surface. — To convert the number 
of revolutions already calculated into a measure of cam 
surface, a circle equal to the diameter of the cam blank is 
drawn and its circumference is divided into one hundred 
equal parts. These hundred divisions represent then, in 
the case of the cam being designed, 308 revolutions of the 
machine spindle, so that one division equals 308 -f- 100 = 3-08. 
If after dealing with each operation in this manner the 
total divisions exceed or are less than 100, a slight adjust- 
ment must be made to correct this. The number of divi- 
sions are indicated in the " Order of Operations." 

Plotting the Gam. — The cam blanks are provided with 
a central hole to fit the shaft upon which they are located 
when in use and also with a hole J^ diameter which pro- 
vides a positive drive for the cam and also fixes its position 
on the shaft. 

These two holes and the zero point of the 100 divisions 
are on the same radial line, and it is from this line that the 
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spacing of the cam commences. Taking the operations 
as already laid out, the indexing and reversing take ^6 
hundredths, so that a radial line can be drawn at mark 6. 

Leaving this space unmarked, the space for the turning 
operation with the hollow mill is measured off, which takes 
33 divisions, and the radial line drawn at point 38. As it 
is the work of this cam to take the end working tools to their 
work and return them, it is obvious that the question of 
length of the tool and holder will have an effect on the 
position of the highest point of the cam in relation to the 
outer edge of the cam blank, the latter being 4J^ diameter 
to suit the machine in question. 

This point is made clear in the diagram Fig. 164, where 
the component is represented in position in the machine, 
and the turret slide is indicated at the extremity of its 
stroke, which leaves 1|* between it and the machine nose. 

It is assumed that standard equipment or equipment of 
similar proportions is being used on the machine, because 
the position of the highest point is found by measuring off 
as shown, from the point on the component where any 
particular tool finishes back to the turret face. If the 
measurement extends past the turret face, it means that 
the highest point of the cam for that tool will be that 
amount from the outer edge of the blank. 

Taking the hollow mill and the turning operation, it will 
be seen that the length of the mill in its holder, say IJ*", 
measured from under the screw head, extends about J^ 
beyond the turret face. The highest part of the cam on 
the lobe lor turning, therefore, will be J* from the outside 
measured on the radial line number 38. Within the space 
enclosed by the lines 6 and 38 commencing from a point 
on the line 5 equal to J -f '750, that is, the distance from 
the outside edge already fixed plus the amount of rise called 
for by the component, a curve is drawn having a uniform 

rise. 

One way of securing this is to divide the space between 
the lines 5 and 38 into an equal number of parts, also the 
line 6, commencing at the start of the curve to a point J*' 
from the outer edge into a similar number. Through the 
latter, using the cam centre as a pivot, describe arcs, and 
through the former radial lines are drawn cutting the arcs, 
and through the points of intersection, the lobe for operating 
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the hollow mill is drawn. Fig. 162 will make this clear. 
Indexing the turret again occupies five divisions, another line 
being drawn at 43. From line 38, the turret must rotate 
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Fig. 161. — COMPONENT FOR WHICH CAMS FiGS. 163 AND 164 WERE DESIGNED. 

Fig. 162.' — lead cam. 

Fig. 164. — diagram showing relation of tools lo turret and 

MACHINE NOSE. 

and recede for the next tool, which means that the roll on 
the actuating lever must drop from the high point on 38 
to a position ready to rise for the next tool. 
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The line generally drawn for this drop is made tangential 
to the centre hole of the cam, and at the bottom of the 
drop, an arc is described equ3,l in radius to that of the roller 
on the cam lever, and blending with the rising curve for the 
next tool at its commencing point. This point at which 
begins the curve for operating the box tool is determined 
in the manner already described, the length of the tool 
being 1|^, which, it will be seen on examining the diagram, 
passes the turret face by |*. 

The curve for the box tool will, therefore, commence on 
line 43 at a point f * + J^ from the outside and rise to a 
point f * from the outside on line 55, twelve divisions inter- 
vening. Another drpp is now made for indexing the turret 
in a manner already described, reaching from line 66 to 60. 

The lobe for controlling the die comes next for considera- 
tion, and in determining the amount of its rise a different 
method is followed to that for ordinary cutting tools. 

This is generally arrived at by dividing the number of 
revolutions required for threading by the number of threads 
per inch to be cut, and then, as it is essential in the pro- 
duction of good threads that the die should be neither forced 
on nor torn from the work, an amount between 7 to 12 
per cent, is usually deducted. Also when the lobe has been 
drawn, the high point is removed for about ^"V, which 
enables the die holder to draw out of its socket and finish 
up close to the screw head without the positive thrust of 
the cam. 

With a component having 26 threads per inch and having 
found that 21 revolutions are required to run the die on, 
the rise will equal 21 -f- 26 — 10 per cent., say •?. Next, 
considering the room for the die holder as with previous 
tools, it will be found that J* must be added to the •? as 
the starting-point of the lobe, rising to within J*' of the out- 
side of the cam blank. The curve for feeding the die to 
its work fills the space between lines 60 and 67 and for 
removing the die from the work between 67 and 72. 

For threaded work of extreme accuracy the lobe must be 
very accurately drawn, taking into consideration the dif- 
ferent speeds at which the die is run on and off the work, 
the relative position of the cam lever, and the number of 
threads per inch ; for ordinary work, however, the method 
described will give satisfactory results. 
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After the threading operation the turret is indexed 
three times, during which time the form and cut-off tools 
on the cross slide come into operation. For this purpose 
the form of the cam after the threading lobe from line 72 
consists of a portion of a circle, described with the centre 
of the cam as centre, and a radius of IJ^, continuing for 
twenty-three divisions, thus ending at line 96. 

The last five spaces of the cam are occupied by the lobe 
for feeding forward the stock in the machine. The top of 
this lobe is an arc concentric with the outside of the cam, 
forming what is known as a " dwell," that is, being con- 
centric, or having no '* rise," the tool it controls remains 
stationary during its passage. The stop for fixing the amount 
of metal to be fed forward is actuated by this lobe, and the 
distance from its top to the outside of the cam blank is 
determined in a similar manner to that for the previous 
tools. The stop, therefore, extending, say, 1^ from the 
end of the component, passes the turret face J*, which is 
the distance the arc must be described from the outer edge. 

From point o a line is drawn tangential to the centre 
hole and blending with the turning lobe commencing at 
line 5 an arc is drawn to suit the cam lever roll. After 
printing on the cam the revolutions and the gears necessary 
for the benefit of the machine setter, the cam is finished. 

The Back Slide Gam. — Only one large lobe is necessary 
on this cam, and as according to the lead cam just com- 
pleted the cross slide operates at division 72 and extends 
twenty- three spaces, this area is marked off for the. back slide 
cam. It was also figured when arriving at the revolutions 
necessary, that the travel of the cut-off tool was • 146^, so that 
the low point of the cam on line 72 will be that amount 
from the outer edge as shown in Fig. 163. The remainder of 
the cam surface is reduced concentrically, using a radius of 
IJ*. The lines 72 and 93 are tangential to the centre hole, 
the former, however, having a slight radius as indicated, and 
both blending into the remaining portion of the cam. 

Front Slide Cam. — As the form and cut-off tools operate 
simultaneously, line 72 is again used as a starting-point. 
To fix the amount of cam area, the number of hundredths 
must be first found, which is accomplished in a manner 
already described. 
The travel of the form tool will equal the difference 
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between the radius of the screw head. Fig. 151, and the 
radius of the undercut portion, plus about •OK for clear- 
ance, equalling -0625^ + •01'^, from which the revolutions 
and then the number of divisions can be figured. 
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Rg. 153. 
cross slide cams. 



Front Cam. 



The low point of the cam, therefore, will be on line 72 
and '0725 from the outside and extending to line 84. 

The last division on this cam is generally left unmachined 
and concentric, thus providing a ** dwell " for the form tool 
which enables it to remove burrs thrown up by the front 
cut-off tool. 



CHAPTER XII 

SPECIAL EQUIPMENT 

Truck Jig— Friction Screwdriver — Special Cut-Off and Forming Tool — 

Watertight Inlet Gland. 

Though in offices employing a large number of men it is 
usual to grade them, certain men always dealing with one 
class of work, it is a big advantage for the designer to gain 
as wide an experience as possible so as to be in a position 
to deal with all types of equipment. To give some idea 
of the diversity of work which comes to the tool and jig 
draughtsman, several examples of what would be described 
as special equipment are mentioned in this chapter. 

Truck Jig. — Fig. 165 shows a multiple-drilling operation 
on a cylinder block, the latter not being visible because it 
is located inside the body A of the movable or truck jig. 
This method of dealing with heavy components originated 
in America and enables a very high rate of production to 
be maintained, the truck passing to different machines 
where the necessary operations are performed. The com- 
ponent in Fig. 23, as already mentioned, could be easily 
handled in this manner, and the only disadvantage in the 
method being that the lines upon which the trucks run and 
the absence of machine tables make the machines incon- 
venient for working on any other component, should work 
slacken enough to allow of this. A fixture of this type 
needs to be very strong, and as the rails are fixed direct to 
the bed of the machine, there should be no dif&culty in 
machining due to the truck not being square with the spindles. 

To enable the drills to find and enter the drill bushes 
easily, a slight lateral float is allowed on the truck. 

The jig plates b are located by means of the stud and 
latch c, and the handles d are provided to facilitate lifting 
the plates when removing the finished casting. 

The body a revolves on two trunnions in the bearings E 
and the indexing and clamping levers are seen to the right, 

109 
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while one hole for the indexing plunger is visible at f. The 
rails upon which the truck runs can be of standard section 



or of solid rod as in the illustration, specially designed 
"chairs" being designed to hold them. The body of the 
truck is revolved directly by means of the handle h, but 
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in some cases where the component is extra heavy a hand 
wheel with gearing is necessary. 

The important point in the arrangement of the body 
casting is its balance, and when considering this the com- 
ponent itself as well as the jig plate must not be forgotten. 
Should the balance not be correct the jig becomes a danger 
to the operator, and to safeguard himself the designer should 
indicate on his drawing that the final balance is to be got 
by trial, that is, pieces of rtietal must be added or removed 
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Fig. 166. — friction screwdriver for assembly work. 
Fig. 167. — special cut-off and forming tool. 
Fig. 168. — component produced by fig. 167. 



as is found necessary when the jig is completed, it being 
impossible to calculate this exactly. 

Friction Screwdriver. — In a factory producing enor- 
mous quantities of cheap electrical accessories it was found 
that the greater part of the time spent on the assembly of 
the parts was taken in screwing in screws of varying lengths. 
The tool office was called upon to design something simple 
and cheap to get over this difficulty, and the idea in Fig. 166 
resulted. 

This can be made from brass or steel, though the former 
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will not stand the rough usage which is general in estab- 
lishments employing unskilled labour. The shank a is held 
in the chuck of a drilling machine or lathe, while its other 
end, terminating in a boss B, is a sliding fit in the sleeve c 
and is retained there by means of the spring d, two lock 
nuts E and fibre washer f. 

The nosepiece h, carrying a steel blade or screwdriver j, 
screws into the lower end of the sleeve c, and for special 
size screw heads another nosepiece must be made and kept 
by. The tool, gripped in the machine chuck, is brought 
down on to the screw head sending the screw down to its 
seat. When at this point the sleeve c, carrying the screw- 
driver, slips until raised by the operator. The tension of 
the spring d which controls the slip of the sleeve is adjusted 
by means of the twt> nuts e to suit tight- and loose-fitting 
screws. 

Special Cut- Off and Forming Tool. — To produce the 
brass ring of unusual section shown at Fig. 158 a tool 
holder was designed and is seen in Fig. 167. The bar A 
is of mild steel, and upon it is arranged two circular form 
tools B and c, edge d of the former cutting off the finished 
ring. The brass tube e, from which the rings are made, 
is fed forward against the stop screw f, which is adjustable, 
and the tool c is moved forward forming the internal con- 
vex shape of the ring, after which b is fed in forming the 
outside and cutting off the finished ring. 

Watertight Inlet Gland. — To force water into some 
hollow castings at a pressure of about 80 lb. to the 
square inch, the existing flange of the casting not being 
provided with any studs with which to secure a grip, proved 
a difficult proposition, especially as the operation had to 
be finished to time. The device illustrated in Fig. 159, 
where it is seen in position on the flange of a casting, suc- 
cessfully overcame this. 

The two hook bolts a are a very close fit in the bush b. 
The latter is a watertight fit in the sleeve and nut c and d 
and resting on the top of the latter. To ensure the sleeve 
being watertight a groove a is turned into which is fitted 
some packing. The sleeve c beds down on to an india-rubber 
washer w, which should not be less than ■^'^ thick because 
the surface of the casting x may be very rough. 

The hose connection e passes down between the two hook 
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bolts. To remove the gland from its present position, the 
nut D is screwed down lower on the sleeve c, the handles 
J facilitating this, which allows bush b to be pressed down 
together with the bolts a. The latter can then be lifted 



slightly by means of the short levers l, which lay in shallow 
grooves made in the top of bush b and turned round so 
that the hook end of the bolts are in such position that the 
whole apparatus can be lifted ofi. The grooves m are so 
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placed as to remove guesswork, when the levers lay in one 
end of the grooves the hook bolts are in position under the 
casting, and when in the opposite end of the grooves the 
apparatus is ready for removal. It will be seen from 
Fig. 159 that as nut d is raised, the flange of the casting 
and the rubber washer are compressed between the sleeve 
c and the hook bolts a. • 



CHAPTER XIII 

JIG AND TOOL OFFICE PROCEDURE 

Personnel of a Jig and Tool Ofl&ce — Duties of Jig and Tool Office — ^Method 
of Working — Detailing — Checking — ^Tracing — Filing and Recording — 
Alterations — Operation Sheets. 

However skilful a draughtsman may be, it is necessary that 
he should, to some extent, sink his individuaUty and work 
on the lines laid down for that particular ofl&ce, in fact, though 
it may sound rather far-fetched, procedure must be practically 
standardized (see Chap. XIV). 

Personnel of the Office. — A word is necessary first on 
the duties of the staff, which, of course, will vary according 
to the size and financial strength of the firm. 

It is usual to employ a chief, who is responsible for the 
grade of the designs produced, the general conduct of the 
department, and also the cost of running. He may be 
supported by an assistant, or rely on section leaders, to whom 
he will give instructions, and who generally act as a kind of 
foreman between himself and the rest of the staff. 

The section leaders are generally put in charge of a number 
of draughtsmen and *' detailers," who probably specialize 
on one or more particular branches of jig and tool design. 

" Detailers," whose work consists of taking the design 
or "General Arrangement" — abbreviated G.A. — and making 
separate drawings of the parts comprising it, are generally 
youths or apprentices working with the draughtsmen, more 
or less as assistants, and in working thus any hidden talent 
is quickly discovered. 

The tracing section, now consisting entirely of females, 
has generally a leader who is responsible to the head of the 
ofl&ce. Provided that there is enough work forthcoming, 
this section is a great success, as the work is admirably 
suited to female labour. 

The printing department, where the Blue Prints — abbrevi- 
ated iB.P. — are produced, is also worked by female labour. 
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The introduction of electric prititing max^hines, electric 
drying irons, etc., displacing the old cumbersome frames, 
has made this possible. 

There remains a clerk and storekeeper, though this work 
is often carried out by one person. The duties consist of 
taking care of the stocks of drawing materials, and keeping 
the drawing and tracing fiUng system in order, a simple 
though very important duty. 

Duties of the Jig and Tool OJERce.— It must not be 
assumed that all offices are conducted in the same manner, 
but a knowledge of one system will always act as a guide, 
and be helpful when encountering a new one. In some cases 
the jig and tool office acts as a ** Planning Department," that 
is, it " lays out " the complete method of manufacture of 
the product in all details, and then proceeds to design and 
draw the necessary tools, etc. 

Alternatively the chief draughtsman may receive a set of 
prints of the various components, comprising the finished 
article, together with a list giving the sequence of the opera- 
tions, also indicating the p^ulicular machines on which they 
are to be carried out, the work is then divided between 
various draughtsmen, and in due course the designs are 
produced. Apart from new work, the machine shops are 
continually calUng for replacements for womout or broken 
equipment, and it is for the jig and tool office to supply 
the print, and also give the necessary orders. 

If the tool in question has not been quite a success, the matter 
is investigated and improvements included in the new drawing. 

Method of Working. — In developing an idea for a tool, 
jig or fixture, the designer relies on his past experience of 
similar work, and will probably recall some design that proved 
very successful. He may, by examining the record cards 
already referred to, find that equipment exists on the firm 
for another component of somewhat similar form, and then 
follow its design. If he has not met anything like this par- 
ticular job in the past, he must exercise his ingenuity and apply 
his past workshop experience to devise something suitable, 
and submit this for approval in various stages as he proceeds. 

Whatever he attempts he must remember that, while 
originality is always welcome, anything in the nature of a 
freak design should be avoided, as firms do not relish pet. 
ideas being carried out at their expense. 
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It should be understood that where accepted methods of 
machining have given satisfaction, adhere to them, remember- 
ing that while your own ideas might be a decided improve- 
ment, they may not always be acceptable to those imme- 
diately above you. 

When the much coveted chief's position has been gained, 
the time will be ripe to indulge in a judicious riot of ideas. 

Detailing. — ^The '* General Arrangement " of the fixture 
having been completed, and the idea approved, the drawing 
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Fig. 160. 

RECORD FRAMES FOR VARIOUS DRAWINGS. 



is passed to the *' Detailer," who proceeds to dissect it and 
make separate drawings of each part. 

To do this successfully, the " Detailer " must be able to 
thoroughly understand a mechanical drawing, and must 
also see that no part escapes his attention. 

The various parts of the jig or fixture on the ** General 
Arrangement " are numbered, and the detail drawings must 
bear corresponding numbers for purposes of reference. 

The. reference frames. Fig. 160, or similar, are finally added 
to the drawing and filled in, the one shown at a being for 
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the " General Arrangement," and that at b for the detail 
drawing. To the uninitiated this may seem superfluous, 
yet, while a drawing is intended to convey the ideas of the 
designer to the mechanic, it should also bear sufficient details 
of its past history to enable easy reference to be made. 
Various offices have their own pattern frames, there being 
some difference of opinion as to just what should be 
included in it. 

The ones shown in Fig. 160, A and B, are an average type, 
and taking b first, the spaces require to be filled in as indi- 
cated with Reference Number, Scale, Date of Completion, 
also the Signature of the draughtsman, together with those 
of persons who approve and check it. 

So as to know to which component the drawing refers 
the Component Number and Name is added, as also is the 
Operation Number (see Fig. 163), and the machine on which 
this is to be carried out. 

To the left of this is the Number of the Sheet, and also the 
Total Number of Sheets, these numbers enabling anyone to 
know whether they are in possession of the complete set of 
details, and so prevent one item being overlooked. 

Again, to the left is the Name and Number of the ** General 
Arrangement '* to which the detail belongs. 

Above this is a column for Revisions or Alterations, as 
it is most important that these should be recorded, together 
with the date of revision. " 

A being for the ** General Arrangement," would not need 
to carry so much information, and the filUng in of this will 
be followed from what has been said concerning B. In some 
cases the form can be made less elaborate by including some 
of the references in the< tool number, for example : — 

2A, Component or Detail Number. 

2A/4/B, Component or Detail Number, and G.A. 
Number. 

2A/4B/10A, Detail Number, G.A. Number, and Tool 
Number. 

On looking at the last number one can tell at once to 
which "G.A. " the component or detail belongs, also the 
number of the tool used thereon, the letters indicating the 
particular drawer in which that size drawing is stored. 

To maintain uniformity in the office the question of the 
different " fits " should be carefully watched, as a lot of 
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time can be wasted, both in the office and the shops, by 
allowing individuals a free hand. 

A system such as that indicated in Chapter IX can be 
used with advantage, where it is only necessary to quote 
the fractional size of, say, the diameter of a hole, and then 
add the letter denoting the class of fif, then the tool room 
and machine shop, working on the same system, know just 
what is expected. 

The questions of material and heat treatment are 
extremely important in tool and jig work, and it has been 
found of great advantage for all parties to mark the drawings 
for this in a recognized way. 

At Fig. 161 is a useful symbol, consisting of a circle in which 
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SYMBOLS FOR INDICATING HEAT TREATMENT. 



is marked the material, with its grade or maker, and beneath 
that the necessary heat treatment. 

One of those given indicates : — 

Alien's Tool Steel. Hardened and ground, 
and the other — 

Mild Steel. — Pack hardened and ground. 

To these symbols can be added, if considered advisable, 
depths of case hardening, and also scleroscope numbers. 

Checking. — The detailing having been completed the 
drawings are passed to the checker, whose duty is to examine 
them carefully for faults and errors of all kinds. 

Though he is not engaged for the purpose of criticizing, 
this forms part of his work. On receiving a drawing, then, 
the checker should also secure a drawing of the component 
for which the tool or jig was designed, and, better still, if 
one of the actual components are available. 

Armed thus, he will examine the drawing frpm the point 
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of view of general construction, the design he will not inter- 
fere with, for it is assumed that it has already been approved 
by the chief of the department. 

His line of thought will be as indicated below, though 
not necessarily in that order, and it will be at once obvious 
that the position calls for a man of experience. 

1. In the case of jigs and fixtures — Can the loading and 

unloading be carried out quickly ? 

2. Are the locating spots arranged at the most important 

and reliable points ? 

3. Are the clamping arrangements satisfactory ? 

4. Will they distort the component when in position ? 

5. Will they allow the component to move when being 

machined ? 

6. Will they take too long to manipulate ? 

7. Will the operator have to think about it ? 

8. Can any loose pieces, if they exist, be avoided ? 

9. Is the machining thrust against the clamps ? 

10. Is there plenty, of "chip capacity," i.e. room for 

the escape of cuttings ? 

11. Is there any allowance made for any variation in the 

shape of the component ? 

12. Are all the details of the equipment to standard ? 

13. In the case of a cutting tool — In proportioning its 

cutting edges, has the length of its life been con- 
sidered ? 

14. Has the correct heat treatment been called for ? 

15. And generally are the vaiious fits suitable for their 

duties ? 

16. Have the proper methods of the office been followed ? 

17. Are the various dimensions correct when totalled and 

compared with the overall dimension ? 

18. Are there any unnecessary dimensions ? 

19. Are all the details enumerated drawn ? 

20. Is the material called for correct ? 

21. Are the filing details correctly filled in ? 

If an error is detected anywhere, it is indicated to the 
draughtsman, who corrects it, and when the checker is satis- 
fied and adds his signature to the drawing to signify this, 
the drawing is ready for the tracing department. 

Tracing. — Tracings which are essential, if blue prints 
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are wanted, are done on tracing cloth, though occasionally 
temporary rough tracings are made on paper. 

This work is not at all difficult, requiring only common- 
sense, plus a pair of steady hands. To make a tracing the 
cloth is laid with the polished side to the drawing, and firmly 
pinned in position. 

The pins should be pressed well home, so that the pinhead 
also helps to hold the cloth, failure to do this results in the 
cloth tearing slightly at the pins, thus altering the relation 
of the tracing to the drawing. 

Next, starting at the top left-hand comer of the work, 
put in all the circular parts, using the ink compasses and 
bows for this purpose, and working always towards the 
right-hand lower comer, this will prevent any smearing. 

This finished, the tee and set squares are employed to 
put in all the straight lines. This order of working has been 
found very satisfactory, for it is easier to make the lines 
blend in with the curves than vice versa. 

Titles and large printed letters can be put in with the 
aid of stencils, of which a great variety of different sizes 
exist, so that after a little practice in their use no complaint 
should be possible on the score of neatness. Dimensions 
and small lettering must be inserted by hand. The tracer 
must not be tempted to put in lettering of her own design, 
but should cultivate the habit of following the drawing in 
strict detail, the slightest addition or omission sometimes 
causing serious trouble. 

One of the best pens for handwork is the " Gillot " 
mapping pen, the flexibility of which is amazing, being capable 
of producing a line as fine as a hair to one so wide as to 
permit of it being easily measured. 

If the surface of the cloth appears greasy, and the ink 
fails to flow, some french chalk dusted on, and then brushed 
off, will remedy this. 

When a blot occurs it can be removed by immediately 
absorbing by means of blotting paper, the spot being then 
wiped with a damped cloth. Other than this, water, rain- 
spots, etc., must not.be allowed to get on the tracings, neither 
must the latter be folded, because both the crease and the 
spots will appear on the print. 

Filing and Recording. — ^The importance of keeping 
correct records cannot be overestimated, and while it is 
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not intended to deal with the subject here in detail, a few 
remarks are necessary. The extent to which indexing is 
carried depends on the class of management existing, some 
firms simply require a card to indicate that a certain tool 
or fixture has been made, together with the date, while others 
mav call for minute details, even to the number of the final 
storage bin in the tool stores. 

Fig. 162 shows an index card for location, that is to say, 
suppose an inquiry was made in the drawing ofiice as to what 
drill jigs were in existence for component Number 9/B, 
an examination of the files for this part would perhaps reveal 
the fact that there were in stock two, Nos. 9/B/4/A and 
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9/B/2/A, and on looking in the drawer containing the 
*' General Arrangements " size A, those of the jigs mentioned, 
should be there, from which, if necessary, the detail drawings 
could be traced. 

It is fairly obvious then that waste time and muddle can 
be avoided by the judicious use of a filing system. 

Alterations or Revisions. — Any alteration should be 
carefully recorded, and, of course, only the signatures of 
responsible persons are accepted for this. 

The alteration is generally entered into a special book 
or index, and after the tracing has been corrected and the 
detail entered in the column under Revisions or Alterations, 
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the blue prints that may be in circulation are immediately 
recalled, and repleiced by new ones. 

Unless this part of the work is carried out efficiently, 
enormous losses can be sustained by work being machined 
to old drawings that were supposed to have been recalled. 

It is also essential that people directly concerned should 
be notified of the change, because the habit is easily acquired 
of remembering dimensions without consulting a drawing, 
which, though very convenient, is equally dangerous 

Operation Sheets. — ^As a guide to the available equip- 
ment for the operations on a component and the order of 



OPERATION SHEET. 
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DESCRIPTION. 
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toolIfixiure gage 
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NO 
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REMARKS 



BOSTON ENC CO. BOSTON. LINCS^ 5/6/a/. 



fTG.165. 

OPERATION SHEET. 



their use, sheets are printed giving this, and are 'usually 
fixed to the component drawings issued to the shops. 

The sheets are made out according to the '* lay out " of 
the operations, and when the tools, etc., are designed and 
numbered they are entered on the sheet. 

The sheets are made up, traced, blue prints are taken 
from them, and they are then ready for issue. 

It is important that the order of operations should be 
correct, otherwise great trouble will result when attempts 
are made to follow the order given, both from the point of 
view of *' progress " and accuracy of work. 

Fig. 163 is an illustration of such a sheet. 



CHAPTER XIV 

STANDARDIZATION 

The moment a single component or device is allowed to depart 
from the original standard, interchangeability commences 
to break down, and as the latter is the foundation of successful 
high production it must be prevented at all cost. 

Most firms set up a standard of their own productions to 
assist manufacture and facilitate smooth working, also it 
enables them to supply new parts to customers without loss 
of time. 

One can imagine the trouble caused by, say, an automobile 
built up with parts of varying dimensions and fits, which 
would necessitate the firm keeping a very accurate log book 
containing the shortcomings of each car, so that when a 
customer requires a certain part replaced the book would 
have to be scanned to see what there was peculiar to the 
part in question, whereas if a standard is maintained, the 
whole wheels of the business will move with increased freedom 
and give satisfaction to all concerned. The value of this 
is clearly demonstrated in the huge sales effected in this 
country of several types of American cars. 

Standards are fixed for certain articles, which remain so 
throughout the world, such as screw threads, pipes, etc. 
For this country, however, a body of engineers, known as 
The British Engineering Standards Association, have fixed 
standards for a great variety of commodities, var5dng from 
tyres and wheel rims to filament lamps and fittings, and 
from rails and girders to broken stone and chippings. If, 
then, it is considered advisable to fix a standard for such 
items as broken stones, surely the tool designer must find 
it necessary to fix or work to existing standards in the office, 
and so facilitate not only the passage of designs through 
the department, but the final manufacture and upkeep of 
the commodity itself. 

The man who introduced the ratchet stop for micrometers 
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standardized thumb pressure, because previously it was 
possible for any number of people to set the instrument to 
read differently. 

Drill bushes, clamps, brackets, press bolsters and drawings 
themselves are, or can be, standardized with advantage, 
and the beginner is advised to give this his close attention. 
Fig. 164 shows a drill bush^ and Table No. 14 gives a statement 
of its standard sizes, and it should be the duty of every 
draughtsman to work to that laid down in his particular 
office when called upon to design equipment containing 
bushes, and the far-seeing chief will see that this is done. 





fiC. 165. 



riG.164. 



Fig. 164. — drill bush. 

Fig. 166. — creamer slip bush. 



A reamer slip bush is also illustrated in Fig. 165, and Table 
No. 15 gives its general proportions. 

The same holds good for the various fits necessary, and 
with an office containing a number of designers it is obvious 
what would happen if each one called for what he considered 
to be the correct allowance (see Chapter IX). 

The walls of some jig and tool offices are hung with charts 
in large type, of the most important stsCndardized parts, 
and there are also in existence several handbooks which 
give numerous other tables, so that it would appear more 
easy for the draughtsman to do right than wrong. 
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Table No. U. 

DRILL BUSHES. 
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REAMER BUSHES. 
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MACH NE CflRRCITIES. Table No le 
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MACHINE CflRflCITIES. 
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MACHNECflPACTES. Table No. leA. 
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MACHNECAPACTES. table No. leA. 


DRILLING MACHNES. Cont.nu« 
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The reader will remember that at the beginning of this 
work mention was made of the extent of the field open to 
the designer, or would-be designer of jigs, tools and equip- 
ment generally, and it is beUeved that this has been made 
apparent in the chapters that followed. If, then, this book 
should be the means of encouraging an enthusiastic one, the 
writer will feel that his object has been achieved. 
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ABBREVIATIONS, 7 
Accuracy, degree of, 17 
Adaptable fixtures, 53 
Adapters, die, 89 
Adjustment of boring tools, 107 
„ „ button dies, 120 
„ „ hollow mills, 101 
„ „ tool posts, 82 
Alignment, 86, 156 
Allowance when forming shoulders, 

92 
Alterations, 178, 182 
Angle, cutting, 90, 108, 121 
Arrangements, general, 7, 8, 176, 

177, 182 
Automatic feed, value of, 49 

BACK sUde cam, 167 
Balance, importance of, 171 
Bending tools, 153 
Bits, flat, proportions of. 111 
Blank creases, 151 
Blanks, formula for area, 152 

„ shape of, 152 
Blanking tools, 145 

„ economy, 144 
Blue prints, 175 
Bolsters, 144 

Bolts, method of drawing, 6 
Bores, concentric, threading, 126 
Boring bars, 109 

cutters, special, 109 
holders, 107, 111 
tools, 107 

tool adjustment, 107 
tools, method of holding, 
108 
„ tool proportions, 108 
Box tool, cutters for, 90 
Brass, representation of, 3 
Broach, blades, method of fitting, 

118 
Broaches, 117 

„ allowances for wear, 1 18 
Buffers, press, 151 
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CALCULATIONS for dovetail 
tools, 93 
Calculations for circular tools, 92 
Cam surface, dividing, 162 
Cams, Brown & Sharp, 158 
„ cross slide, 158, 167 
" lead " of, 158, 162 
plotting, 162 
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rise " of, 164 



Capacity of machines, 52 
Cards, index, 182 
Cast iron, representation of, 3 
Centre lines, 4, 8 

„ „ use of, 8 
Chasing tools, 125 
"Chatter," 90, 101, 104, 112, 127 
Checker, duties of, 179 
Checking, 179 
Choice of machine, 52 
Chip breakers, 98, 100, 111, 
„ capacity, 38, 96, 180 
Chucking reamers, 104 
Chucks, magnetic, 36 

,, pneumatic, 35 

„ thread, 76 
Circular tool holders, 82 

„ form tools, 90, 172 
Clamping, correct, 31 

„ Distortion due to, 31 
Clamps, screw, 32, 180 

„ cam, 33, 180 
Clearance, 90, 92, 93, 105, 108, 111, 

117, 125, 127, 143, 160 
Collets, extra capacity, 74 
design of, 75 
positive seating for, 76 
spring, 74 
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Collet .type tool holders, 85 

Colours for representing materials, 4 

Compressed air, employment of, 51 

Continuous drilling, 49 
,, milling, 64 

Co-operation, value of, 21 

Cored holes, difficulty of, 27 

Comers, avoidance or, 98 

Cost, considerations of, 16 

Countersinks, 114 

Counterbores, 112 

Combination gauges, 138 

„ press tools, 152 

Cutters, boring, 109 

„ proportion of, 108 
diameter of, 98 
for box took, 90 
form relieved, 99 
inserted tooth, 97 
interlocking, use of, 62 
roller milling, 95 
„ spot-facing, 112 
„ thread milling, 125 

Cut-off tools, special, 172 

Cutting edges, height of, 84, 91 

DEPTH gauges, 134 
Design, nrst considerations, 
14 
Design, over- elaboration of, 20 
Detail drawings, 8, 36 
Detailers, 175 
Detailing, 177 
Diameters, drilling, 23 

„ effective, adjusting, 125 
Die holders, 88 

„ adapters, 89 
Dies, adjustment of, 120 
„ button, 119 
,, drawing, 150 
„ "follow," 149 
„ forming, 164 
,, hinged, 121 
„ material for, 121 
,, press, 143 
„ re-drawing, 152 
,, special, 154 
„ spring, 121 
„ taper for, 144 
„ tempering of, 121 
„ thickness of, 150 
Dimensioning, correct method of, 

4, 180 
Dimension lines, 4 
Distortion due to clamping, 31 
Dotted lines, use of, 4 
Double spindle machine, employ- 
ing, 38 
Dovetail tool holders, 82 
,, „ calcul,ations, 93 
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Drawback " motion, 71, 77 
Drawbolts, 69 
Drawing materials, 1 

„ tools, 150 
Drawings, tabular, 12 

„ numbering of, 178 
Draws, nimiber requured, 152 
Drill bushes, 45 

heads, multiple, 41 

jig for pistons, 36 

jig, indexing, 47 

jigs, 23 
Drilling, continuous, 49 
„ horizontal, 37 
Drills, necessity for supporting, 48 
Duplicates, value of, 1 1 
•• DweU," 167, 168 

EBONITE, working in the press, 
157 
Effective diameter, varying, 125 
Elevation, end, 8 

„ sectional, 8 
Embiossing in the press, 153 
End- working tool holders, 84 
Engine pistons, drill jig for, 36 
Equipment, special, 168 
Expanding mandrels, 65, 70 
Extra capacity collets, 74 

FEEDS for Brown & Sharp cams, 
- 158 
Feet, for drill jigs, 40 
Filing, 181 

Fits, 44, 130, 149, 178, 185 
Fixture for aluminium cover plate, 

57 
Fixtures, 14 

„ adaptability of, 53 
„ correct loading of, 55 

foolproof, importance of, 

58 
for spot-facing, 116 
indexing tummg, 79 
revolving precautions, 81 
turning, 78 

turning, with lateral 
movement, 81 
„ *' string," 55, 59, 62 
Flat bits, 111 
" Float," 87, 106, 108 
•• Floating " holders, 86 
•• Follow " dies, 149 
Form relieved cutters, 99 
„ tools, circular, 90, 172 
„ „ dovetail, 90 
„ „ diameter of, 92 
,, „ flat, 90 
Friction screwdriver, 171 
Front slide cam, 167 
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GANG tools, 144 
Gauges, 128 
Gauges, plug, 130 

„ ,, renewable ends for, 

131 
„ caliper, 132 
„ „ forginps for, 132 

,, combination, 138 
depth, 134 
„ plug, 134 
., gap, 132 
„ marking of, 132 
,, material for, 140 
,, plate depth, 134 
„ plate plug, 131 
,, „ ,, proportions for, 

132 
plug pin, 131 
position, 137 
profile, 137 
screw ring, 135 

„ thread, 135 
snap, 132 
scissor, 132 
Gauging by comparison, 136 
General arrangements, 7, 8, 175, 

177, 182 
Girder sections, employment of, 20 
Gland, watertight, 172" 
Grinding in position, 76 
Guides for press tools, 161 

HEAT treatment, 179, 180 
Holders, cross slide tool, 81 
Holders, plain, 85 

boring tool, 107 
collet tvpe, 86 
die, 88' 
•• floating," 86 
Hollow mills, 100 

„ „ adjustment of, 101 

„ „ tempering of, 102 

Horizontal drilling machines, 37 
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T NDEXING, 182 
1 Indexing milling fixtures, 65 
Indexing drill jigs, 47 
„ plungers, 47 
,, turning fixtures, 79 
Inlet gland, special, 172 
Inserted teeth, 98 
Interchangeability, 184 
Interlocking cutters, use of, 62 
Iron, cast, representation of, 3 
„ wrought, representation of, 3 
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IGS, 14 

drill, 23 
feet, 40 
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Jigs for pistons, 37 
„ „ double spindle machine, 

38 
„ indexing, 47 
„ truck, 169 

KEYSLOTS, 97 
'* Knockouts," press, 146, 153 

LABOUR, considerations of, 17 
"Land," 96, 104, 118, 120, 
132 
" Layout," 15, 183 
" Lead " cams, 33, 162, 165 
Lettering, method of, 6 
Leverage, excessive danger of, 38, 

67 
Limits, 37, 128 
Liners, use of, 45 
Lines, centre, 4, 8 
,, dimension, 4 
„ dotted, 4 
Location, correct, 24, 27, 180 

„ *• three point," 27, 68 
Loose pieces, avoidance of, 40 



tt 
tf 



tt 

tt 



tt 
It 



MACHINE, choice of, 62 
„ capacity, 52, 187, 

188, 189, 190 
Magnetic chucks, 35 
Mandrels, 67 

for cored work, 68 
„ expanding, 66, 70 
„ multiple turning, 67 
„ gear blanks, 69 
„ piston rings, 70 
Materials, drawing, 1, 181 

representation of, 3 
for gauge making, 140, 
179 

,, „ press tools, 157, 179 

Milling, semi-continuous, 66 
„ continuous, 64 
„ cutters, thread, 125 
,, fixtures, 52 
„ fixture, indexing, 65 
„ fixture for cover plate, 67 
Mills, hollow, 100 
„ „ adjustment of, 101 

„ ,, tempering of, 102 

Motion study, 15 
Multiple drill heads, 40 

press tools, 144, 179 
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NON-ALIGNMENT, over- 
coming, 87 
Numbering of drawings, 178 
Nuts, method of drawing, 6 
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JIGS, TOOLS AND FIXTURES 



OBLIQUE projection, 12 
Office, J. & T., duties of, 176 
Operation sheets, 183 
Operations for B. & S. cams, 161 
Orthographic projection, 12 

PADS, sketching, 10 
Papers, drawing, 2 
Pencils, correct sharpening of, 2 
Personnel, office, 175 
Pins, pilot, 113 
,, ,, avoiding seizure of, 
113 
Pistons, drill jig for, 36 
Plain holders, 86 
Planning department, 176 
Plate stripper, 144, 146 
Plunger, indexing, 47 
Plug gauges 130 
Pneumatic chucks, 35 
Position gauges, 137, 138 
Precautions for revolving fixtures, 

81 
Press tools, 142 

„ „ multiple, 144 
Presses, sub, 155 
Pressure rings, 161 
Printing, method of, 6 
Prints, blue, 174 
Profile gauges, 137 

,, maintenance of, 99 
Progress, 16, 183 
Projection, oblique, 12 

,, orthographic, 12 

Proportion when sketching, 10 

,, of boring cutters, 108 

Punches, method of holding, 144 
,, providing support for, 

144, 150 
,, piloting, 160 
Push- through " dies, 150 
Push-out " mechanism, 72, 77 
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RAKE, 90, 100, 118, 121, 122 
Reamers, 103 
Reamers, expanding, 104 

bushes, 45 

fluting of, 103 

rose, 104 

special, 103, 105 
Recess, gauging, 132 
Recording, 181 
Re-drawing, 152 
References, 177 
Releasing tap holders, 88 
,, die holders, 88 
Relief, 99, 105, 123 
Replacement, allowing for, 89 
Representation of materials, 3 



Revisions, 178, 182 

Ring gauges, 136 

Rings, pressure, 151, 153 

Rods, drilling through diameters 

of, 23 
Rimning stops, 102 

SCALE, useful form of, 2 
Screw threads, method of 

drawing, 6, 184 
Screwdriver, friction, 171 
Section, part, 8 
Sectional elevation, 8 
Self-centring mechanisms, 26, 78 
Serrations, 84, 92 
Setting spots, 50 
Shaving tools, 93 

,, ,, clearance on, 94 

Sheets, operation, 182 
Shell taps, 124 
Side clearance, 92 
Sketching, value of, 10 

,, pads, 11 

Slots, ke3% 97 
Special press tools, 154, 157 

,, equipment, 168 
Speeds for B. & S. cams, 158 
Spiral teeth, 97 
Spot-facing, 47, 59 

,, cutters, 112 

,, fixtures, 116 

Spring collets, 74 

„ dies, 121 

,, tempering of, 121 
Springs, 147 

Standardization, 45, 184 
Steel, representation of, 3 
Stencils, 181 

Stop screws for tool holders, 86 
Stops, 147 

,, running, 102 
„ springs, 147 
trigger 147 
Straddle milling, 53, 60 
String fixtures, 55, 59, 62 
Stripper plates, 144, 146 
Sub presses, 154 
Supports, 31 
Symbols, heat treatment, 124, 179 

TABULAR drawings, 12 
Tap holders, releasing, 88 
Taper, for dies, 144 
Tapered plungers, advantage of, 47 
Taps, 122 

double, 125 

,, proportions for, 125. 
groove proportions, 123 
shell, 124 
Teeth cutter, 96 
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Teeth, spacing, 96 

broach cutting 
117, 118 
„ pitch of, 118 
countersink, 114 
hollow miU, 100 
inserted, 98 

method of fixing, 98, 99 
,, spiral, 97 
„ uneven spacing of, 104 
Tenons, 69, 60 
Thread chucks, 76 
gauges, 136 
„ milling cutters, 125 
Threading concentric bores, 125 
Threads, modifications of, 122 
** Three point " location, 27 
Timber, representation of, 3 
Tool holders, circular, 82 

collet type, 86 
Cross slide, 81 
dovetail, 82 
end-working, 85 
plain, 85 
steel section, 90, 91 
Tools, flat form, 90 
,, circular, 90 
,, cut-off, special, 172, 
dovetail, 90 
shaving, 93 
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Tools, bending, 153 

blanking, 145 

boring, 107 

chasing, 125 

combination press, 152 

drawing, 160 

gang, 144 

press, 142 

press, materials for, 157 

press multiple, 144 
Tolerance, 128, 135 
Tracing, 181 
Trepanning tools, 116 

„ „ lead of, 116 

Truck jigs, 181 
Turning fixtures, 78 

UNDERCUTS, 97, 111 
" U " washer, use of, 40, 60 

VEE blocks, 24, 29, 36, 78 
Views, arrangement of, 8 

TXTASHERS, "U," use of, 40, 44, 

Watertight gland, 172 
White metal, representation of, 3 
Working drawings, method of pro- 
cedure, 8 
Wrought iron, representation of, 3 
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